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AN  ANALYSIS  OF  LANTHANUM  SPECTRA 
(LA  i,  LA  ii,  LA  in) 
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ABSTRACT 


All  the  available  data  (wave-length  measurements  and  intensity  estimates, 
temperature  classes,  Zeeman  effects)  on  lanthanum  lines  have  been  correlated 
and  interpreted  in  an  analysis  of  the  successive  optical  spectra.  The  total 
number  of  lines  classified  is  540  in  the  La  i  spectrum,  728  in  the  La  n  spectrum, 
and  10  in  the  La  in  spectrum. 

Series-forming  terms  have  been  identified  in  each  spectrum  and  from  these  the 
ionization  potentials  of  5.59  volts  for  neutral  La  atoms,  11.38  volts  for  La+  atoms 
and  19.1  volts  for  La++  atoms  have  been  deduced. 

Lanthanum  is  a  chemical  analogue  of  scandium  and  yttrium,  but,  although 
the  corresponding  spectra  are  strikingly  similar,  some  interesting  differences  are 
noted.  A  doublet-D  term  (from  a  d  electron)  represents  the  lowest  energy 
(normal  state)  in  the  third  spectrum  of  each  element  and  another  2D  (from  the 
s2d  configuration)  describes  the  normal  state  of  the  neutral  atoms  in  each  case. 
The  homologous  atoms  Sc+,  Y+,  La+  choose  different  normal  states;  (sd)  3D, 
(s2)  XS,  (d2)  3F,  respectively.  In  addition,  the  first  two  spectra  of  La  exhibit  a 
large  number  of  (odd)  middle-set  terms  ascribed  to  the  binding  of  an  /  electron. 
The  La  n  spectrum  is  the  most  completely  developed  example  of  a  two-electron 
spectrum  which  has  yet  been  investigated.  All  the  configuration  types,  s2,  sp,  sd, 
s/,  p2,  pd,  pf,  d2,  df,  f2,  have  been  identified  and  almost  all  of  the  terms  arising 
from  each. 

The  analyses  of  all  three  spectra  are  supported  by  measurements  of  Zeeman 
effects,  which  are  interpreted  with  the  aid  of  Lande's  theory.  The  splitting 
factors  (g  values)  for  many  levels  show  marked  departure  from  the  theoretical 
values,  but  the  '^-sum  rule"  is  valid  wherever  it  is  tested. 
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I.  INTRODUCTION 

After  the  analyses  of  the  arc  and  spark  spectra  of  scandium  2  (Sc, 
Z  =  21)  and  yttrium3  (Y,  Z  =  39)  had  been  published  the  authors 
decided  to  continue  cooperation  on  the  remaining  spectra  of  this  type. 
Lanthanum  (La,  Z  =  57)  is  a  chemical  analogue  of  scandium  and 
yttrium;  it  occupies  the  same  position  in  the  third  long  period  of 
elements  that  the  former  do  in  the  first  and  second  long  periods, 
respectively.  The  fact  that  lanthanum  occupies  a  position  in  the 
periodic  system  just  preceding  the  group  of  14  elements  commonly 
called  "rare  earths"  makes  a  complete  analysis  of  its^ spectra  of  ex- 
ceptional interest.     Indeed,  this  analysis  shows  (vide  infra)  that  the 

i  Professor  of  astronomy,  Princeton  University. 

»  H.  N.  Russell  and  W.  F.  Meggers,  B.  S.  Sci.  Paper  No.  558,  vol.  22,  p.  329,  1927. 

»  W.  F.  Meggers  and  H.  N.  Russell,  B.  S.  Jour,  Research,  vol,  2  (RP55),  p.  733, 1929. 
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StalilS^S^'SdS?1*8  f?r  the  rare  earth  ele^ts  is 
atom.     PHirEi^re^h^xiTw    ^figurations  of  the  lanthanum 

atoms  like  I-^d^^'SM^Srfr^^^ 
certain  to  be  important  in  tha  wi.      V     ,     sPectral  structure,  is 

the  present  papSlTutSrB^vX^ttr^^  ^e0ly-  In 
of  lanthanum  spectra  in  ZrtifXtu  ,°f  an  extensive  analysis 

scandium  and  yttr kn the stmmlrv lle„same/°™ ^s  their  results  for 
earlier  publications  appi&XTX  prS^ Zl  ST  ??» 
is  the  same  except  for  slight  oh*™***  I-  tTZ  ?  '•  and  tne  notation 
with  the |  st and  arui zXoSclatur^  alfpraS  *  ^  ?f**** 

lainaEsSK.  ffi§I*£ S e^T^  °f  ^^  in 
six  La  lines  as  comprisW  fcSmSnr.  „/f T  f ?S'  he  reo°guiZed 
terms.  In  the.  same"  year  PaXn "puMished? £  «f  ?*  WV? 
ferences  occurring  between  wa™  r,„™iT  list  of  constant  dif- 

lines,  but  no  attempt ^  was  made  to  b^™  c°™sP°uding.to  La  spark 
earlier,  Kybar '  ha£  ^L^t^te^urt^^^y  ^ 
effects  m  La  spectra  and  manv  oomnW  ™+?  of  ft?  Zeeman 

there  was  at  that  time ,  no °KZ  I  Pa,ttems  were  published,  but 
Another  decade  pZdteftZffi  explanation  for  most  of  these, 
began  to  unfold  K  in  the  wort o  £0ande°  t^  ^T*  effeCtS 
an  explanation  of  the  La  observation?  i„ ,  «  P  ?S  the  Way  for 
1924  by  Goudsmit  •  who  identified additin™l  %  ?P*  Tas  made  in 
La  ii  spectrum  with  the  smTbvK    .    7        Paulson  terms  in  the 

latter  observation thtt^tfg  fllllllndTZf6^  IIOm  the 
I  were  derived  for  20  enere-v  W»£  „  quantum  numbers  j  and 
70  lines.  Fgy  levels  accounting  for  approximately 

Hctntrg^/b^^  "hr7e°sor9traI  *H  as  deveIoPed  by 
the  structures  of  La  spectra  and  Z!°  ?  lmPortant  suggestions  as  to 
extend  the  anabysis ofth La n S  ^^ade  by  one  of  us  to 
in  the  La  r  spectrum  These  eZte^Sefwifb  f?d  ^/^ 
of  new  empirical  data  consisting  of  a  description  „//  TlUMltl 
respect  to  their  behavior  wirt,  +JL~     \  description  ot  La  lmes  with 

KingandCarter^andorrnnKl1T^ture  ln  the  electric  furnace  by 
by  Prof.  B.  E  Moore  Th?tln^ZeeTn  ?J?ects  kindly  advanced 
separation  of  La  1 and  L  SlinT^d 'Ff^^on.gave  a  reliable 
effects,  especially  in  the  red  no^    t \l™  observations  of  Zeeman 

clue  to  regularitiesL  the  L  ^Xnim  Tn ?L°vUm;  "T  the  first 
identified  by  Goudsmit  2?  ™*£  ,  /  ,  addltion  to  the  20  evels 
binations  of  these  4^  levek  ^,n  ?  \°Td  f?r  La+  atoms  a*d  com- 
ForneutralLaa  oms48lnerevlevekd  for  »bo?'  180  La  „  lines." 
tions  accounted  for  about  llo  wt  «  7"?  £Und  and  their  combina- 
or  lowest  energy  lev2  weil  ide^ffil  ^°th  C8SeS-  the  normal  stat<« 
spectrum  many  files  remained  li^'fi0',*  ambiguity,  but  in  each 
terms  were  still I  undiscovered !  TW^"*1  &nd  ma,ny  theoretical 
— — — ^^^J^esejTOh^nmaiy  analyses  indicated 

o5sex&,  j.  wasn.  Acad.  Sci.,  vol.  17,  p.  25, 1927. 
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that  it  would  be  impossible  to  extend  them  without  still  further  experi- 
mental data,15  so  it  was  decided  to  make  an  entirely  new  description  of 
La  spectra.  Such  a  description  was  recently  completed  by  one  of  us,16 
and  it  serves  as  a  basis  for  the  analyses  of  La  spectra  to  be  detailed 
in  the  present  paper.  In  addition  to  new  wave-length  determinations 
for  more  than  1,500  La  lines  in  the  interval  2,100  to  11,000  A,  the  new 
data  include  intensity  estimates  of  arc  and  spark  lines,  separating 
them  into  three  classes,  La  i,  La  n,  and  La  in  spectra,  and  improved 
observations  of  Zeeman  effects  for  460  lines  ranging  from  2,700  to 
7,500  A.  These  data  have  permitted  us  to  classify  almost  all  of  the 
lines  ascribed  to  lanthanum  atoms,  to  identify  a  large  majority  of 
the  spectral  terms,  and  correlate  them  with  electron  configurations. 
In  each  case  it  has  been  possible  to  recognize  series-forming  terms,  the 
extrapolation  of  which  lead  to  calculated  ionization  potentials  of  5.59 
volts  for  neutral  La  atoms,  11.38  volts  for  La+  atoms,  and  19.1  volts 
for  La++  atoms.  The  total  numbers  of  classified  lines  in  the  successive 
spectra  are  as  follows:  540  for  La  i,  728  for  La  n,  and  10  for  La  in. 
On  account  of  the  greater  complexity  of  La  spectra,  as  compared 
with  Sc  and  Y,  and  pronounced  departures  from  theoretical  interval 
ratios,  line  intensities  and  Zeeman  effects,  their  analysis  has  been 
attended  by  greater  difficulties  and  uncertainties,  but  patience  and 
perseverance  have  been  rewarded  by  the  final  classification  of  practi- 
cally all  lines  without  ambiguity.  The  detailed  results  will  be  pre- 
sented for  La  in,  then  for  La  n,  and  finally  for  La  i,  thus  proceeding 
from  the  relatively  simple  (alkali)  case  of  1 -valence  electron  to  the 
2-electron  spectrum  with  greatly  increased  transition  possibilities  and 
lastly  to  the  spectrum  characteristics  of  atoms  with  a  full  complement 
of  3-valence  electrons. 

II.  THE    SPECTRUM   OF   DOUBLY   IONIZED   LANTHANUM 

(La  in) 

Lanthanum  belongs  to  the  third  long  period  in  which  electron  orbits 
of  the  types  6s,  Qp,  and  5d  are  successively  added  to  the  completed 
xenon  shell.  Only  one  valence  electron  remains  in  doubly  ionized 
lanthanum  and  in  the  normal  state  this  electron  is  in  a  5d  orbit 
which  produces  a  rD  term.  The  next  lowest  state  occurs  with  the 
6s  orbit,  and  higher  states  arise  from  Qp,  Qd,  7s  orbits.  Some  of 
these  terms  were  already  identified  by  Gibbs  and  White  17  and  recently 
Badami  18  classified  eight  lines  of  the  La  in  spectrum. 

The  new  description  of  La  spectra  yielded  10  lines  which  are 
characterized  by  an  enormous  intensity  difference  between  arc  and 
spark  and  are,  therefore,  ascribed  to  doubly  ionized  atoms.  Analysis 
of  these  data  resulted  in  the  identification  of  spectral  terms  listed  in 
Table  1 ;  the  observed  lines  and  estimated  relative  intensities  appear 
in  Table  2. 

The  observed  and  theoretical  (Lande)  splitting  factors  (g)  are  com- 
pared in  the  last  column  of  the  term  table.  Since  La  spectra  possess 
g  values  which  depart  more  or  less  from  Lande,  the  observed  Zeeman 
effects  in  the  table  of  classified  lines  are  compared  with  those  computed 
from  observed  rather  than  theoretical  g's.     This  procedure  shows  in 

w  W.F.  Meggers,  J.  Wash.  Acad.  Sci.,  vol.  17,  p.  35,  1927. 
i«  W.  F.  Meggers,  B.  S.  Jour.  Research,  vol.  9  (RP468),  p.  239, 1932. 

w  R.  C.  Gibbs  and  H.  E.  White,  Proc.  Nat.  Acad.  Sci.,  vol.  12,  p.  557, 1926;  Phys.  Rev.,  vol.  33,  p.  157 
1929. 
"  J.  S.  Badami,  Proc.  Roy.  Soc.  London,  vol.  43,  p.  53, 1931. 


628  Bureau  of  Standards  Journal  of  Research  i  Voi.  s 

the  first  table,  the  deviations  of  observed  from  theoretical  g  values 
and  in  the  second  table  how  closely  the  observed  data  are  represented 
by  the  empirical  g  values.  The  observed  or  computed  Zeeman  pat- 
terns may  be  compared  with  the  theoretical  by  reference  to  "Tables 
of  Theoretical  Zeeman  Effects"  published  by  Kiess  and  Meggers  » 

welf  asTT      aPP  7  l°         L&  "  and  La  *  Spectra  (vide  in^)  as 


Table  1. — Terms  in  the  La  in  spectrum 


Electron 
configura- 
tion 

Terms 

Levels 

Separa- 
tions 

g 

Ob- 
serv- 
ed 

Lande" 

5d 
6s 
6p 

U 

r, 

52D1H 
52D2m 

62Pl°^ 

62PfK 
62Di^ 
62D2^ 

72S^ 

0.00 
1,  603.  23 
13,  590.  76 
42,  014.  92 
45,  110.  64 
82,  378.  75 
82,  812.  51 
82,  345.  0 

1,  603.  23 

3,  095.  72 
433.  76 

2.10 
.63 

1.37 

2.000 

.667 

1.333 

It  will  be  shown  later  that  the  terms  arising  from  the  4/  electron 
are  higher  than  those  from  6p  in  La  i,  but  lower  in  La "u T  This 
thfinf™  rPrl  %h  T  m  conlbmatiolls  5rf.(2D)-4/  (T)  might  lie  in 
in  son?  The  J*   spark   sPeotrum  in  the  interval   8,000   to 

10  500  A  was  recently  explored  with  xenocyanine  plates,  but  no 

to  9,893n8eSAWere  f°Und  alth°Ugh  La  n  lines  ™™  recorded  all  the  way 

Table  2. —Classified  lines  in  the  La  III  spectrum 


X(air) 
I.  A. 


Inten 
sity 


3, 517. 14 
3, 171.  68 
2,  684.  90 
2,  682.  46 
2,  651.  60 

2,  478.  8  i 
2,  476.  72 
2,  379.  38 
2,  297.  75 
2,  216.  08 


200 

300 

50 

30 

300 

20 
100 
200 
200 

50 


Kvac) 
cm* 


Term  combina- 
tions 


Zeeman  effect 


Observed 


28,  424.  09 
31,  519.  94 
37,  234.  29 
37,  268. 16 
37,  701.  87 

40,  329.  9 
40,  363.  79 

42,  014.  92 

43,  507.  40 
45, 110.  63 


6*Sj*-62P8H 

62S^— 62PJ^ 

62P?H-72SH 

62Pf^— 62Di}j 

62P!h— 62D2« 

62Pfo— 72s  H 

62PgH— 62DiH 

52Di^— 62PgM 

52D2H— 62Pf^ 

52Di^— 62PfH 


Computed 


(0.73)1.36 

(0.  37)0.99, 1.  76 


(0.74)1.36 
(0.36)1.00,1.74 


1  Near  carbon  line,  2,478.6  A. 

III.  THE   SPECTRUM   OF   SINGLY   IONIZED   LANTHANUM 

(La  11) 

thJn^nTw,oPeCtrU™  °f  !antha°mn  is  exceptionally  complex;  more 
La+  atoms  q.^f"1??  "W*  spectrograms  are  associated  with 
the  vttriZ  snflT^C1fy'  tl?e  k'k™  sPa*  spectrum  resembles 
int/twnT  P  k  sPectrum.; m  each  case  the  fines  are  divided  roughlv 
into  two  classes  by  comparison  of  arc  and  spark  spectrograms     Onl 

■•  C  C.  Kiess  and  W.  F.  Meggers,  B.  S.  Jour.  Research,  vol.  1  (RP23),  p.  «,  W28. 
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group,  including  most  of  the  stronger  lines,  has  nearly  the  same 
appearance  in  a  6-ampere,  220-volt  arc  and  in  a  high  voltage  con- 
densed discharge,  while  the  second,  lying  mainly  in  the  ultra-violet, 
is  greatly  enhanced  upon  passing  from  the  arc  to  the  spark  and  con- 
sists largely  of  hazy  and  unsymmetrical  lines.  The  former  arise  from 
combinations  of  low  energy  states  with  the  next  higher  or  middle  set, 
while  the  latter  are  practically  all  identified  as  combinations  of 
middle  terms  with  a  still  higher  third  set. 

The  lowest  energy  states  which  can  arise  from  s  and  d  type  electrons 
are  identified  with  (even)  spectral  terms  as  follows: 


configuration 

Spectral  terms 

S2 

IS 

sd 

*D              3D 

d* 

^D^G     SP  3F 

All  of  these  have  been  identified  except  (d2)lS.  Which  particular 
term  will  be  the  lowest  energy  and  represent  the  normal  state  of  the 
atom  depends  on  the  relative  strength  of  binding  of  the  individual 
electrons.  It  is  very  remarkable  that  the  homologous  atoms,  Sc+, 
Y+,  and  La+,  each  make  a  different  choice;  the  normal  state  of  Sc+ 
is  (sd)zB,  of  Y+  0*yS,  and  of  La+  (^)3F. 

Substitution  of  a  p  electron  for  an  s  or  a  d  electron  produces  the 
following  set  of  (odd)  middle  terms: 

Electron  configuration  Spectral  terms 

sp  *P  3P 

dp  iP^D^F     3P,3D,3F 

All  of  the  easily  excited  lines  of  Sc+  and  Y+  are  accounted  for  by  the 
above-mentioned  low  and  middle  spectral  terms,  but  in  the  case  of 
La+  a  large  number  of  otherwise  superfluous  fines  indicate  additional 
middle-set  terms  to  account  for  which  it  is  necessary  to  conclude  that 
/-type  electrons  are  present.  Thus,  the  substitution  of/-  for  p-type 
electrons  would  yield  the  following  additional  (odd)  middle-set 
terms : 

Electron  configuration  Spectral  terms 

sf  *F  3F 

df  ip/D/F^G^H     3P,3D,3F,3G,3H 

All  of  these  terms  have  been  found  in  the  La  n  spectrum,  they  in- 
crease the  number  of  middle-set  levels  from  16  to  40  and  thus  account 
for  the  greater  complexity  of  the  spectrum. 

The  terms  produced  by  the  4/  electrons  lie  lower  than  those  arising 
from  the  6p.  This  is  obviously  related  to  the  fact  that  4f  electrons 
are  bound  into  the  normal  state  of  the  directly  following  elements, 
Ce  to  Lu,  while  the  ftp  electrons  begin  to  be  similarly  bound  only  in 
Tl.  In  Ba  i  the  /  electron  is  much  more  loosely  bound  than  the  p. 
There  are  numerous  high  even  terms  in  La  n.  Those  arising  from 
the  configurations  bd  7s,  5d  ftd,  6s  ftd,  and  ftp2  are  homologous  with 
similar  terms  in  Sc  n  and  Y  n.  Two  important  additional  groups 
evidently  arise  from  ftp  4j  and  4/2.  The  former  are  the  lowest  of 
all  the  high  even  terms.  Some  hazy  lines  confined  to  the  spark 
appear  to  be  combinations  between  these  and  still  higher  odd  levels 
which  have  been  denoted  by  numbers  1°  to  8°.  There  are  several 
configurations  (for  example,  5d  7p,  5d  5/,  ftp  ftd,  4/  ftd)  which  may 
give  rise  to  levels  of  this  sort,  and  they  must  be  very  numerous. 
They  should  combine  with  the  ground  terms  to  give  lines  in  the 

141809—32 4 
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Schumann  region.  Observations  in  this  region  may  detect  many- 
more  such  levels  and  thus  lead  to  the  interpretation  of  the  remaining 
unclassified  lines  in  the  visible  and  near  ultra-violet. 

This  is  the  most  completely  developed  example  of  a  2-electron 
spectrum  which  has  yet  been  investigated.  All  the  configuration 
types,  s2,  sp,  sd,  sf,  p2,  pd,  pf,  d2,  df,f2,  have  been  identified  and  almost 
all  of  the  terms  arising  from  each.  The  theoretical  relations  of  the 
terms  arising  from  each  configuration  have  been  discussed  by  Condon 
and  Shortley.20  The  agreement  of  the  observed  and  computed  levels 
is,  in  general,  good,  and  their  theoretical  predictions  led  to  the  correct 
identification  of  the  difficult  terms  (df)l~H.  and  (J2)1!. 

The  terms  which  have  been  identified  in  the  La  n  spectrum  are 
listed  in  Table  3,  in  which  term  symbols,  relative  values  of  the  levels, 
level  separations,  adopted  and  Lande  g  values,  and  combining  terms 
are  given  in  successive  columns.  The  adopted  g  values  are  derived 
from  the  observed  Zeeman  effects  for  La  11  lines  starting  with  the 
completely  resolved  patterns  and  then  applying  the  formulas  of 
Shenstone  and  Blair 21  to  the  unresolved  blends.  For  patterns  which 
though  unresolved  had  perpendicular  (n)  components  distinctly 
shaded  outwards  (A1)  or  inwards  (A2)  the  attempt  was  made  to 
measure  the  points  of  maximum  intensity  corresponding  to  the 
strongest  components.  If  x  is  the  observed  separation  we  should 
then  have 

x  =  Jigi-J2g2     (Ji  =  J2  +  l)  (1) 

When  no  such  asymmetry  was  noticed  it  was  assumed  that  the 
settings  were  on  the  centroid  of  the  whole  pattern  and  the  formula 
then  used  was 

m  2x=(J1+l)g1-J2g2  (2) 

When  Ji  =  J2  the  equations  are 

2  x  =  gi  +  g2  (n  components)  (3) 

4/3^/=  (J+  1/2)  (1  -X)  (gi-g2)     (p  components)  (4) 

where  X=  /o  tt  -1  \2   or   TTJT+Vs    accordmS  as  J  *s  integral  or  half 

integral.22 

The  weights  assigned  to  the  adopted  g's  in  Table  3  depend  on 
the  number  and  consistency  of  the  derived  values.  The  probable 
error  corresponding  to  unit  weight  is  ±0.020. 

Most  of  the  g's  have  nearly  the  theoretical  (Lande)  values  but 
marked  discrepancies  frequently  appear  which  may  be  attributed 
to  deviations  of  the  actual  coupling  of  the  vectors  from  the  ideal 
SL  coupling  for  narrow  multiple  ts.  Some  of  the  largest  discordances 
are  clearly  due  to  "g  sharing"  among  neighboring  levels  with  the 
same  J;  for  example,  ezG±,  e3F±;  yzD1}  yzPi,  zlP\.  In  these  cases  the 
intensities  of  many  combinations  are  also  abnormal. 

20  E.  U.  Condon  and  C.  H.  Shortley,  Phys.  Rev.,  vol.  37,  p.  1025,  1931. 
2i  A.  G.  Shenstone  and  H.  A.  Blair,  Phil.  Mag.,  vol.  8,  p.  765,  1929. 
22  H.  N.  Russell,  Phys.  Rev.,  vol.  36,  p.  1590,  1930. 
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Term 


a3F2 
o3F3 
a3F4 

a»D2 

a'Di 
a3D2 
a3D3 
a3P0 
a3P! 
a3P2 
aiSo 
aiQi 

23  F2 
23  F°3 
23  FI 
Z»FS 

21QI 

2/3  F5 

vm 

?/3Fl 

23HI 
23H! 
23H§ 

21DI 


23  Ql 
23  GI 
23GI 
23Df 
2«D2 
2'D5 
23P5 
2'PI 
23P5 

VlT>l 

2/3Df 
1/3D5 
J/3D! 

l3F§ 
J3FI 

2iPf 
2»HS 

y3P5 

2/3PI 

y3P5 
^P! 

z3P5 

I3PI 
X*F°2 
IIF3 

C3Q3 
C3Q4 
C3G5 
C3F2 

e3F3 

«»F4 

eiFj 

^G* 


Level 


0.00 
1,  016. 10 
1, 970.  70 

1,394.46 

1,  895. 15 

2,  591.  60 

3,  250.  35 
5,  249.  70 

5,  718. 12 

6,  227.  42 
7, 394.  57 
7, 473.  32 

10, 094.  86 

14, 147.  98 
14,375.17 
15, 698.  74 

15,  773.  77 

16,  599. 17 

17,  211.  93 

18,  235.  56 

19,  214.  54 

17,  825.  62 

18,  580.  41 

19,  749.  62 
18,  895.  41 


20, 402. 82 
21, 331.  60 
22,  282. 90 

21,  441.  73 
22, 106.  02 

22,  537. 30 
22,  683.  70 

22,  705. 15 

23,  246.  93 

24,  462.  66 

24,  522.  70 

25, 973.  37 

27,  388. 11 

28,  315. 25 
26, 414.  01 
26, 837.  66 
28,  565.  40 
27, 423.  91 

28, 525.  71 
27,  545.  85 
28, 154.  55 
29, 498.  05 
30, 353.  33 

31,  785.  82 
32, 160.  99 
33,  204.  41 

32,  201.  05 

35,452.66 
37, 172. 79 
39, 018.  74 
35,  787.  53 
36, 954.  65 
37, 790.  57 
37, 209. 71 

39, 221. 65 


Level  sep- 
arations 


1,016.10 
954.  60 


696. 45 
658.  75 


468.  42 
509.  30 


227. 19 
323.  57 


1,  023.  63 

978.  98 

754.  79 
1, 169.  21 


928.  78 
951. 30 

664.  29 
431.  28 

21.45 
541.  78 


1, 414.  74 
927. 14 

423.  65 
1,  727.  74 


608.  70 
1, 343.  50 


375. 17 
1,  043.  42 


1, 720. 13 
1, 845. 95 

1, 167. 12 
&35.  92 


Adopted 
weight 


0. 730  iy2 

1. 092  9 

1. 258  8 

.987  10H 


.520 

1.140 

1.337 

0/0 

1.506 

1.488 

0/0 

1.003 


13 

8 
11 

6 

9 

11^2 

4 

2 


1.015    70 


.676 
1.087 
1.258 
1.047 

.996 

.757 
1.090 
1.243 

.865 
1.082 
1.17 

.931 


.775 
1.060 
1.203 

.547 
1.186 
1.317 
0/0 
1.458 
1.462 

.897 


.799 
1.191 
1.312 

.836 
1.081 
1.246 

.882 

1.00 
0/0 
1.262 
1.495 
1.066 

0/0 
1.515 
1.478 
1.006 

.873 
1.146 
1.203 

.732 
1.061 
1.141 

.953 


7 
10 

9 
10 


6 
2 
4 
1 
3H 


12 
10 

7 

7 
7H 


1.032      8 


10 
7 

7M 
6 

4 
9 


6 
4 

7 

5 

7 

3 

5 

7^ 

7 

6 


1. 060      6 


Landfi 


0.667 
1.083 
1.250 

1.000 

.500 
1.167 
1.333 

0/0 
1.500 
1.500 

0/0 
1.000 

1.000 

.667 
1.083 
1.250 
1.000 

1.000 

.667 
1.083 
1.250 

.800 
1.033 
1.167 
1.000 


.750 
1.050 
1.200 

.500 
1.167 
1.333 
0/0 
1.500 
1.500 
1.000 

1.000 

.500 
1.167 
1.333 

.667 
1.083 
1.250 
1.000 

1.000 
0/0 
1.500 
1.500 
1.000 

0/0 
1.500 
1.500 
1.000 

.750 
1.050 
1.200 

.667 
1.083 
1.250 
1.000 

1.000 


Combinations 


Z3F°,  2lF°,  2'G°,  J/3F°,  23H°,  21D°,  23G°,  23D°, 
23P°,  J/1D°,  yiF°,  I/3D°,  X*F°,  2iP°,  2/3P°, 
Z3P°,  xiF°,  xiP°. 

[23F°,   2lF°,  J/3F°,   2lD°,   23G°,   23D°,   23P°,  J/1D°, 

\     2/iF0,    y3D°,    z3F°,    2ip°,    yl£°}    pip0,    Z3P°, 
[    xlF°,x1F°. 

23F°,   2"G°,  !/3F°,   23H°,   2lD°,   23Q°,   23D°,   23P°, 

#iD°,   j/iF°,   #3D°,  2:3F°,    2iP°,   y*F°,   yi-p°, 
£3P°,  xiF°,xiP°. 

J/3F°,  2lD°,  23D°,  23P°,  J/1D°,  J/1F°,  J/3D°,  Z3F°, 

2iP°,  y*F°,  2/iP0,  x*F°,  iiF°,  xiP°. 

23D°,  23P°,  J/3D°,  2iP°,  J/1P°,  Z3P°(  jip°. 

2iQ°,  2/3F°,  Z3H°,  23Q°,  23D°,  2/iF0,  ]/3D°, 
i3F°,  2iH°,  :r>F°. 

23D°,  23P°,  2/1D0,  t/3D0,x3F°,  21P°,   J/3P°,   J/IP°, 

z3P°,  iiF°,  xiP°. 

a3F,  aiD,  a*~D,  e^G,  e^F,  e^F,  e*T>,  e^G,  pD, 
/iF,/3G,/3F,  g*T),  em,  g*F,  W&. 

a3F,  aiD,  e*G,  e*F,  e^F,  e*T),  e'G,  ^D,  P~D, 

PG,pF,  {/3D,/iG,  e3H,/3F,  WT>,  e*T>,  JiD. 
a3F,  a3D,  aiQ,  e*G,  e*F,  e^F,  e^G,PF,pG,PG, 

em,  g*F,  g^G. 
a3F,  al~D,  a3D,  a^P,  a^G,  e'*G,  e*F,  e*T>,  e^G, 

eiD,  /iD,  /iF,  /3G,  g*D,  PG,  g*F,  g^G,  ftiD, 

/3P.  iiD. 

a3F,  a3D,  aiG,  e*G,  e*F,  e*F,  eiG,pF,pG,  em 
g*F,  <?iG,  «il. 

a3F,  aiD,  a3D,  a3P,  e^G,  e3F,  elF,  e^B,  elT>,pT>, 
pF,PG,PF,  £/3D,  e!P,  e3S,  g*F,  VT>,  gW,  WD, 
PF,  jiD. 

a3F,  aiD,  a*T>,  oiQ,  e*G,  e«F,  eiF,  c»D,  e^T>,pG, 
PF,  ?iD,/iG,  e3H,  g*F,  g^-G. 

a3F,  aiD,a  »D,  o3P,  a%  aiQ,  ftiD.  e^G,  e*F,  e^F, 

e3D,  eiG,  eiD,/3D,/>D,/3G,  /3F,  ^D,  eiP,  e*S, 

e3P,  firiD,  fiQ,  «»H,  </3F,  ftiD,  ff»P,/»P,  i!D. 
o3F,  aiD,  a3D,  a3P,  aiS,  6*D,  e3D,  eiD./3D,/iF, 

g3D,  ciP,  e»S,  e3P,  ^D,  ^F,  ftiD,  ^p,  A3D,/3p, 

f»D. 
a3F,  aiD,  a'D,  o3P,  fiiD,  e3Q,  e3D,/3D,/iD,/iF, 

/3G,/3F,  j/3D,  ciP,  e3p(  /iiD,/3P,  jiD. 
a3F,  aiD,  a3D,  a3P,  a^G,  &G,  e*F,  eW,  e^G,  e^T>, 

PF,  ?3D,  giG,  W~D,  g3P,/3p,  fiD. 
a3F,  aiD,  a^D,  e^p,  a^S,  a^G,  6»D,  ?3F,  e3D,  eiD, 

/3D./3G./3F,  ?3D,  eip,  <?3S,  g3p(  ffiD,/iG,  c3H, 

AID,  ?3P,  ft3D,  PP,  ?3D. 
a3F,  aiD,  a3D,  a3p,  aiQ,  ftiD,  e3G,  e3F,  e'F,  c3D, 

eiD,/3D,/iD,/iF,/3G,/3F,  ^D,  gip,  e*S,  g^D, 

PG,  em,  ftiD,  <73p,  iiDt  j3D. 
a3F,  aiD,  a3D,  a3pf  aiS,  fciD,  e^D,  ^D,  ^D,  c^P, 

e3S,  cap,  ciS,  g*F,  g^S,  h*D,pF,  PD,PS. 
aiQ,  eiG,  e3H,  g^G,  &L 

a3F,  aiD,  a3D,  a*F,  ft^D,  c3D,/3D,/iD,  ^d,  C3S, 
e3P,  ^D,  g*F,  giS,  W,  pF,  PD,  pS. 

aiD,  a«D,  a3p,  f}ij)j  e^D,pD,  pF,  e^F,  e*F,  e^S, 
f?iS,  A3D,  i>D,/iS,  ID? 

a3F,  aiD,  a3D,  a3P,  aiS,  6iD,/3Q,  (/3D,  eip,  c3S, 
eiS,  gtF,h*I>,pF. 

a3F,  aiD,  a3D,  tfF,  a*G,  ftiD,  /3D,  pD,  PF,  pG, 
PG,  g*F,  ffiG,  ftiD,  iiD,  iD? 

23F°,   2lF°,   2lQ°,   |/3F°,   Z3H°,  2lD°,  23G°,  23D°, 

yiT>°,  j/iF°,  i3F°. 

23F°,  2IF0,  2IG0,  yiF°,  zm°,  2iD°,  23G°,  23D°, 
y3D°,  x3F°. 

23F°,  2lF°,  2lQ°,  23H°,  2lD°,  23G°,  2*D°,  ylF°, 

x*F°. 
23F°,  2iF°,  2iG°,  j/3F°,  23H°,  23Q°,  Z3D°,  yiF°  , 

zm°. 
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Table  3. — Relative  terms  in  the  La  n  spectrum — Continued 
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Elec- 
tron 
config- 
uration 


Term 


Level 


Level  sep- 
arations 


Adopted 
weight 


Landfi 


Combinations 


6p4/ 


6p  4/ 

6s  6p 
5d  7s 


5d  7s 
5d  6d 
bd  6d 

5d  6d 

bd  6d 

5d  6d 
5d  6d 
bd  6d 

bd  6d 

bd  6d 

5d6d 

4/2 

4/2 

4/2 
4/2 

6p2 
6p2 

4/2 
4/2 

6s  6d 


6p2 

4/2 

6d6s 


C3D! 
g3D2 
C3D3 

C1D2 

rriP! 
/3Di 

/3D2 

/3r>3 

PF3 

/3G3 
f»G4 
/3G5 
/"3F2 
/3F3 

ff3Dl 

g3D2 

03D3 
CiPi 

e3P0 
e3px 
e3P2 
PQi 

<71o32 
ei  So 

e3H5 
e3H6 
^F2 
(73F3 
£3F4 

^G44 

ftiD2 


/3P03 
/3Pl 
/3P2 

eile 

(?3P0 

<73Pl 

93P2 

/i3Di 

/l3D2 

1D2? 
PSo 
^So 
i3D3 

m 

21 

3§,2 
41 

51,3 

64,3 

71,3 

83 


38,  534. 11 

38,  221.  49 

39,  402.  55 

40, 457.  71 

45,  692. 17 
49,  733. 13 
49,  884.  35 
51,  228.  57 

51,  523.  86 

52, 137.  67 

52, 857.  88 
53, 333.  37 
54,  434.  65 

53,  885.  24 

54,  840.  04 
55, 321. 35 

52, 169.  66 

52,  734.  81 

53,  689.  56 

54, 365.  80 
53, 302.  56 

54,  964. 19? 

55,  230.  33 

56,  036.  60 
56,  035.  70 


55, 
54, 

55, 

55, 
56, 
57, 
57, 
58, 
59, 
59, 


184.  05 
793.  82 
107.  25 
982.  09 
837. 94 
399.  58 
918.  50 
259. 41 
527. 60 
900.  08 


-312.  62 
1, 181.  06 


151.  22 
1, 344.  22 


475.  49 
1, 101.  28 


954.  80 
481.31 


565. 15 
954.  75 


60,  094.  84 
61, 128. 83 
62,  506.  36 
62,  026.  27 


62, 
63, 
63, 
64, 
64, 
64, 
64, 
64, 
66, 
69, 
69, 
57, 
58, 
59, 
60, 
61, 
61, 
63, 
64, 


408.  40 
463.  95 
703. 18 
278.  92 
361.  28 
529.  90 
692.  59 
706.  761 
591.  91 
505.  06 
233.  90 
364. 12 
748.  90 
612.  64 
744. 17 
017.  66 
514.  48 
598. 87 
411. 17 


266. 14 
806.  27 


874. 84 

855. 85 

518.  92 
340.  91 


1,  033.  99 
1,  377.  53 


239.  23 
575.  74 

168. 62 
162.  69 


0.495 
1.100 
1.306 
1.046 

.97 

.520 

1.141 

1.331 

1.02 

1.00 

.89 
1.05 
1.20 

.77 
1.14 
1.16 

.67 
1.17 
1.21 

1.42 


1.57 
1.22 
1.03 

1.08 

.94 
1.04 
1.18 

1.11 

1.22 
1.07 
1.00 

0/0 

1.47 

1.45 


1.01 


7 
9 
5 

1 
3 

3 


0.500 
1.167 
1.  333 
1.000 

1.000 
.500 
1.167 
1.333 
1.000 

1.000 

.750 
1.050 
1.200 

.667 
1.083 
1.250 

.500 
1.167 
1.333 

2.000 


1.500 
1.500 
1.000 

1.000 

.800 
1.033 
1.167 

1.083 
1.250 
1.000 
1.000 

0/0 

1.500 
1.500 


1.000 


23F°,  2iF°,  z3F°,  2iD°,  z3Q°,  23D°,  z3P°,  yiD°, 
ylF°,  y3~D°,  x3F°,  y*F°. 

ziF°,  yi¥°,  ziD°,  z3G°,  z3D°,  z3P°,  y^F°,  y*D°, 

x3F°,  |/iP°. 
a3F,  aiD,  a3T>,  a3P,  aiS,  fciD,  VD. 

z3F°,  ziD°,  z3D°,  z3P°,  yiD°,  y*D°,  x*F°,  ziP°, 
32/P°,    xiF°. 

zif°,  y*F°,  z3D°,  j/iD°,  z3F°,  zip0,  y*~P°,  yip0, 
-"•ij10 

z3F°,  z'iG°,  y*F°,  zir>°,  z3P°,  yiD°,  yiF°,  i^F0, 

ziF°. 

23F°,  ziF°,  ziG°,  j/3F°,  z3Q°,  z3F°,  xlF°. 

Z3F°,  ziF°,  z3H°,  ziD°,  z3Q°,  z3D°,  yiD°,  y3D°, 

J3F°. 


zif°,  y*F°,  zl~D°,  z3D°,  z3P0,  yiD°,  j/'F°,  y3D°, 
z3F°,  y*F°,  z3P0. 

ziD°,  z3D°,  z3P°,  yz~D°,  x*F°,  ziP°,  y*F°,  yip°( 

a;3P°. 
ziD°,  z3D°,  z3P°,  yiD°,  y3D°,  x3F°,  ziP°,  yiP°, 

a;3p°. 

2'D0,  z3P°,  yiD°,  y3D°,  zip°,  y*F°,  yipo. 

ziF°,  ziQ°,  yW°,  z3H°,  z3G°,  z3D°,  y3D0,  x*F°, 

xiF°. 
Z3G°,  Z3D°,  Z3P°,  j/3D°,  ^F0,  2/3p°. 
ZiP°,  Z3P°. 

Z3F°,  ziF°,  ziQ0,  Z3H°,  z3Q°,  z3D°,  y*~D°,  x*F°r 
z!H°. 

Z3F,  ZlF°,  ZlG°,>3FO)Z3H0,  ziD°,  z3Q°,  z3D°, 
Z3P°,I1F°. 

ziQ°,  2/3F0,  z3H°,  ziQ°,  yi¥°,  ziH°,iiF°. 
Z3F°,  ZiF°,  y3F°,  ziD°,  z3D°,  z3P°,  yiD°,  y^F°, 
y3D°,  i3F°,  x^F°. 

V3F°,  ziD°,  z3D0,"z3P°,?j/iD0,ffiF0,  y*V°,  z!P°, 

2/3p°,X3p°. 

ziF°,  j/3F°,  ziD°,  z3D°,  z3P°,  yij)°,  yiF0,x*Fo, 

zip0,  y*F°,yiF0,xiF°,xi~P0. 
z3H3,  ziH°. 

ziD°,  z3D°,  z3P°,  1/iF0,  y3D°,a;3F0,  zip°,  y3F°, 

J3P°. 
ZlD°,  Z3P°,  2/3D0,  ZIP0,  J/3P°,  ylF°,X3F°. 

yiP°,  a;iF°. 
ziP°,2/3p°>  yip°. 

ziP°,  y*P°,  yiP°. 
y3D°,x3F°.      1 
e3Q,  e3F,  e3D. 
e3Q,  e3F,eiF. 
<?3G,  e3F,e3D. 
«3G,  eW. 
e3F. 

giF,eiG. 
e3G,  eiG. 
e3G,  eiF,  e3D. 
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A  diagram  of  the  La  n  terms  and  combinations  is  reproduced  in 
Figure  1.  In  order  to  avoid  making  the  figure  too  confusing  some  of 
the  combinations  have  been  omitted.  The  abundance  and  strength 
of  intersystem  connections  is  very  striking  in  lanthanum  spectra. 
Comparison  with  the  corresponding  diagrams  for  Sc  n23  and  Y  II24 
show  at  a  glance  the  remarkable  increase  in  complexity  of  the  La  n 
spectrum  due  to  terms  involving  the /-electron. 

Complete  data  for  all  of  the  observed  lines  characteristic  of  ionized 
lanthanum  are  presented  in  Table  4,  successive  columns  of  which  con- 
tain wave  lengths,  spark  intensities,  furnace  classes,  vacuum  wave 
numbers,  term  combinations,  and  Zeeman  effects,  both  observed  and 
computed.  The  latter  are  derived  from  the  adopted  g  values  with  the 
formulas  given  above.  When  the  observed  pattern  is  resolved,  the 
computed  components  are  given  separately;  when  unresolved,  the 
centroid  of  the  blend  given  by  equations  (2)  or  (4),  except  for  the 
patterns  described  as  A1  or  A2,  where  the  strongest  component 
according  to  equation  (1)  is  tabulated.  In  the  latter  case  the  meas- 
ured position  often  deviates  a  little  toward  the  centroid  of  the  group. 
Apart  from  this  the  agreement  of  the  observed  and  computed  values  is 
usually  satisfactory.  One  faint  line,  4,193.34  A  is  entirely  discordant, 
and  clearly  does  not  arise  from  the  assigned  combination. 

Table  4. — The  first  spark  spectrum  of  lanthanum  (La  n) 


Aair  1.  A. 

Inten- 
sity- 
spark 

Temper- 
ature 
class 

10,  954.  6 
10, 186.  5 
10.  093.  54 
9, 893.  82 
9,  672.  94 

3 

2 
1 
4 
3 

9, 657.  00 
9, 563.  60 
9, 346.  69 
9, 260. 42 
9, 146.  75 

20 
4 

15 
3 

2 

9, 127.  5 
9, 101. 10 
9,  096.  71 
9, 016.  80 
8, 810.  57 

1 
2 
3 
2 
3 

8,  781. 98 
8,  650. 82 
8,  514.  65 
8, 484.  01 
8, 323. 35 

2 
2 
3 
2 
1 

8, 159. 05 

8, 059.  5 
7,  927.  83 
7, 891. 69 
79.93 

10? 
Spark. 
3h 
2 
2 
4 

7, 838. 83 
7,  740. 54 
7, 612. 94 
7,  489. 15 
7,  483.  48 

1 

2h 
3 
1 
30 

IV  E 

7, 340.  08 

7, 297.  99 

82.36 

66.13 

7, 213. 95 

2 

2 

150 

2 

HIE 

cm-1 


9, 126.  09 

9, 814.  2 

9, 904.  62 

10, 104.  55 

335.  29 

352.  35 
453.  45 
696.  04 
795.  69 
929.  85 

952.9 
984.  67 

10,  989.  97 

11,  087.  37 
346.  89 

383.  83 
556.  43 
741.  24 

11,  783.  65 

12,  011. 10 

252.  96 

404.3 
610.  33 
668.  08 
686. 98 

753.  50 

12, 915.  45 

13, 131.  92 

348.  98 

359.  10 

620.  08 
698.  63 
728.  03 
758.  70 
13, 858.  22 


Term  combi- 
nations 


aiQ4— zlQl 

y3P2— e3D3 
2/iPi— ei.D2 

X3F§— e3Q4 

a*G4— z3H! 
z3FI— e3G5 
zmi— eiG4 
23F2_eiF3 

x^Fl—e^Fi 
a3P2— y3F2 
yiD°2— e*G3 
y3T)°3— e3I>3 
/iD2— 23DJ 

x'*F°3— e3D2 
a3D2— z3F2 
aiQ4— 2/3F4 
a3D2— z3F§ 
6ir>2— z3D2 

a3Di— z3F2 

a3F4— z3F3 
&iD2_ 23pj 
a3P2—  ziDS 
yiFl— eiF3 

aiD2— z3F2 
z3D§ — e3Qz 
a3F3— z3F2 
a3D3— z*G4 
a3F3-~z3F3 

z3F3— e>D2 
viFl— e3D2 
a3F4— z3FI 
yi'Dl — e3D2 
aiG4— z3G4 


Zeeman  effects 


Observed 


(0.00)  1.12 


(0.00  w)  1.26 


Computed 


(0.00)  1.09 


(0.00)  1.26 


«  See  footnote  2,  p.  625. 


"  See  footnote  3,  p.  625, 
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Table  4. — The  first  .spark  spectrum  of  lanthanum  (La  n) — Continued 


Xair  I.  A. 

Inten- 
sity 
spark 

Temper- 
ature 
class 

"vac  Cm_1 

Term  combi- 
nations 

Zeeman 

ell'ects 

Observed 

Computed 

7,  118.  6 

16.8 
7, 104.  7 
7,  079.  74 
7,  066.  24 

2 
3 

3h 
4 
300 

HIE 

14,  043. 8 
047.4 
071.3 
120.  92 
147.  90 

x3F2— z!D2 
aiSo— 23DI 
tfiDS— e3Di 
z3G5— e3G3 
a3F2— 23F2 

(0.00)  0.70 

(0.00)  0.70 

6,  968.  78 
58.11 
54.54 
52.52 

6,  902.  08 

25 

100 

20 

10 

3 

V  E 
IV  E 
IV 
IV 

III 

345.  76 
367.  76 
375. 14 
379.  31 
484.  40 

z3D!—  e3F2 
b1x)2—ylD2 
a3F2— z3F3 
aiJD2-ziF§ 
y*Dl  -eiD2 

(0.  00)  0.81 
(0.  21)  0.96 

(0.00)  1.10 

(0.00)  0.82 
(0.21)  0.96 

(0.00)  1.11 

6, 859.  03 
37.91 
34.07 
30.83 
13.68 

5 
15 
20 

6 
50 

V 

IV  ?E 

IV  ?E 

V  E 

V?E 

575.  31 
620. 32 
628.  54 
635.  48 
672.  32 

a3x)3-z3HI 
a3D2— j/3F2 

a3F4-2lG4 

z3D§  -e3G4 
z3D3  -eiF3 

(1.05)  ? 
(0.00)  0.98 
(1.04)  1.29  B 

(0.87)  1.13 
(0.00)  0.89 
(0.94)  1.14 

08.88 

6, 801.  38 

6,  774.  28 

50.47 

32.80 

30 

5 

100 

1 

40 

IV 

III  E 
V  E 

682.  66 
698.  85 
757.  65 
809.  70 
848.  57 

a3F3  -z?Fl 
j/iF3-eiG4 
a3F3-ziF3 
aiG4-z3G5 
z3D2  -e3F3 

(0.00  h)  1.56  h 
(0.  00)  1.10 
(0.00  w)  1.10 

(0.  00)  0.99 

(0.  00)  1.51 
(0.00)  1.10 
(0.12)  1.07 

(0.00)  0.94 

18.68 

6,  714.  08 

6,  676. 14 

71.41 

42.79 

60 

80 

3 

40 

100 

V  E 

V  E 

IV  ?E 

V  E 

879.  78 

889.  97 

974.  59 

14,  985.  20 

15, 049.  77 

2/IF3  -e3D3 
z3Gs-e3G4 
z3P2-e3D2 
a3D3— j/3F3 
z3G§-a3G3 

(0.69)  1.12  B 
(0.  00)  1.38 

(0.63)  1.17 
(0.  33)  0. 82 

(0.70)  1.17 
(0.00)  1.32 

(0.64)  1.21 
(0.25)  0.82 

36.53 

6,  619. 10 

6,  570.  96 

54.18 

29.72 

5 
2 

(?) 
(?) 
4h 

V 

III 
V 
III? 

063.  96 
103.63 
214.  28 
253.  23 
310.  37 

aiG4— z3D3 
z3D2— e!F3 
a3P2-z3DI 
z3D§—  e3F4 
aiSo-z3Pi 

6,  526. 99 

6, 498. 19 
46.62 
43.05 

6, 415.  39 

200 

250 
200 
50  h 
1 

HIE 

IV  ?  E 
VE 
V 

316.  77 

384.  66 
507.  73 
516.  32 
583.  22 

a3Di— 2/3F2 

z3G3-e3F2 
z3GI— e3F4 
z3Pi-e3D2 
a«F3— z!G4 

(0. 00,  0.  22)  0.  94  A2 

(0.  00)  0.  81 

(0.  00  w)  1.  43  A2 

(0.  00  w)  0.  76  Ai 

(0. 00, 0.  24)  0.  52,    0.  76, 

0.99 
(0.  00)  0.  82 
(0.  00)  1.  45  A2 
(0.00)  0.74A1 

6, 399.  04 
90.48 
74.08 
58.12 
37.88 

400 

200 

30 

30 

3 

V?E 
III 

V 
IV 

V 

623.  04 
643.  96 
684.  21 
723.  58 
773.  79 

z3G2—  e3F3 
a*T>2—  V3Fl 
z3D3— e3D2 
a3Pi-z3D! 

a3F2-ziF3 

(0.  00)  1.  04 
(0.  00)  1.  03 
(0.  00  w)  1.  67  A2 
(0.  99)  0.  49,  1.  52 

(0.  00)  1.  06 
(0.  CO)  1.  04 
(0.00)  1.75  A2 
(0.  96)  0.  54,  1.  51 

20.39 
15.79 
10.91 
07.25 
6, 305.  46 

200 

50 
200 

20  h 

10 

III 

V 

VE 
IV 
IV 

817.  44 
828.  96 
841.20 
850.  40 
854.  90 

ciD2—  y3F2 

z3P?-e3Di 
z3G2-e3G4 
z3P5— e3Di 
a3F4-z3H4 

(0.  44)  0.  87  B 
(0.  95)  0.  49,  1. 43 
(0.  27)  1. 10  B 
(0.  00)  0.  51 

(0.  41)  0.  87 
(0.  96)  0.  50,  1.  46 
(0.  29)  1. 10 
(0.  00)  0.  50 

6, 296.  08 

300 

IV  E 

878.  52 

/     6iD2—  y3Dl 
I      a3P2-z3D2 

}(0.00w)  1.20A2 

(0.  00)  1.  23  A2 

73.76 

62.30 

6,  203.  51 

6, 188.  09 

100 
300 
50  1 
1001 

III? 
Ill 

V 

V 

935.  01 
15,  964. 17 
16, 115.  46 

155.  61 

ylFl-eiT)2 
c3D3-2/3F4 

23D2_g3D2 

23P3_e3D3 

(0.  00)  1.  04 
(0.  00  w)  1. 10  Ai 
(0.  17)  1. 14  h 
(0.  00  w)  1.  02  Ai 

(0.  00)  1.  02 
(0.  00)  0.  96  Ai 
(0. 15)  1. 14 
(0.  00)  0.  99  Ai 

74.15 
72.72 

46.53 

1.92 

29.57 

6 
10 

15 

1 

50 

V 
V 

IV 

IV? 

192.09 
195.  84 

264.  85 
303.  GO 
309.  85 

a3Po— z3DI 
a3F3— y°F2 

aiFt-ytFl 
a3B2-z1D2 
a3p2_  23D3 

(0.  00)  0.  63 

(0.  00,  0.  32,  0.  63)  1.  69 

A2 

(0.  00  w)  1.  69  A2 
(0.  00  w)  0.  99  Ai 

(0.  00)  0.  55 

(0.00,   0.34,   0.67)   1.76 

A2 

(0.  00)  1.  76  A2 
(0.  00)  0.  98  Ai 

26.09 

20.34 

6, 100.  37 

50 

1 

30 

V? 
IV 
V 

319. 12 
334.  45 
387.  92 

fiiDj— z3F2 
ziPi— 1ID2 
a3Pi— z3D5 

(0.  34)  0.  92  B 

(0.  00, 0.  34)  0.  84, 1. 16 

(0.  32)  0.  93 

(0.00,0.32)      0.86,1.19, 

1.51 
(0.00,0.69)      0.50,1.19, 

1  88 
(0.  27)  1. 10 

6, 085. 43 
74.01 

10 

V 
III  A 

428. 15 
459.04 

z3r>2— e3Di 
z3GS— esFt 

(0. 00, 0.  74)  1. 20, 1. 90 
(0.  21)  1. 12 
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Table  4. — The  first  spark  spectrum  of  lanthanum  (La  11) — Continued 


Xair  I.  A. 

Inten- 
sity 
spark 

Temper- 
ature 
class 

"„.,  cm-1 

vac 

Term  combi- 
nations 

Zeeman  eflects 

Observed 

Computed 

67.13 

6 

V? 

477.  71 

a^Fi—  23Pf 

(0.  00)  1.  49 

(0.  00)  1. 50 

61.42 

2 

V? 

493.  23 

46.07 

2 

IV? 

535. 10 

6,  037.  98 

2 

557.  25 

ZID2— C3G3 

5,  991.  98 

4h 

684.  36 

z3DS—  eiG4 

73.52 

1201 

VE 

735.  92 

z3G3-e3G5 

(0.  00)  1.  20 

(0.  00)  1.  20 

71.09 

8 

742.  73 

&1D2  -xm 

(0.  00)  1. 18 

(0.  00)  1. 15 

61.43 

3 

769.  86 

z3G§-e3G4 

57.90 

4 

779.  80 

z^Di—  e3D2 

48.30 

20 

806.9 

z3G§—  eiF3 

(0.  52)  0. 86  h 

(0. 46)  0. 86 

36.22 

20 

VE 

841.  08 

aXDi— y*¥l 

(0.  00)  1. 21 

(0.  00)  1. 19 

27.71 

30 

865.  26 

Z3D3— g3D3 

(0.  00)  1. 30 

(0. 03)  1. 31 

18.26 

4 

892. 19 

ZlD2— C3F2 

5,  901.  95 

401 

IV  E 

938.  87 

ztGl-eiGi 

(0.00  w)  1.60  A2 

(0.00)  1.78  A2 

5,  892.  66 

4 

V 

965.  58 

a3Pi-z3p0 

(0.00)  1.54 

(0.00)  1.51 

85.23 

1 

16,  986.  99 

a3Pi— Z3P? 

80.63 

50 

HIE? 

17, 000.  28 

a3Di— ziD5 

(0.00,  0.42)  0.54,    0.96, 
1.38 

(0.00,    0.41)   0.52,  0.93, 
1.34 

74.00 

6 

IV 

019. 47 

a3P2-z3P5 

(0.00)  1.49 

(0.05)  1.48 

63.70 

80 

VE 

049.36 

alQi-ylY°3 

(0.00)  0.96 

(0.00)  0.96 

48.95 

20 

092.  36 

z3DI-c3Di 

(0.00)  0.54 

(0.05)  0.52 

28.44 

2 

152.  51 

a3T>3—  Z3G§ 

08.63 

8 

211.  00 

z3P2-eiP2 

08.31 

60 

IV? 

211.  95 

tfFi— i/3F2 

(0.00)  0.75 

(0.05)  0.74 

06.56 

8 

217. 14 

3/3F§-e3G3 

5, 805.  77 

120 

HIE 

219.  48 

a3F3— #3F3 

(0.00)  1.09 

(0.00)  1.09 

5,797.57 

150 

HIE 

243.84 

a3F4— y3FS 

(0.00)  1.24 

(0.05)  1.25 

81.02 

3 

293.  20 

&iD2-2/3D2 

79.91 

4 

296.  52 

z3"D2-e3D3 

(0.00)  1.38  h 

(0.00)  1.43 

69.06 

60 

VE 

329.  05 

6iD2-ziPJ 

(0.00)  1.09 

(0.00)  1.08 

49.59 

2 

387.  73 

z3G3—  c3F4 

27.29 

20 

VE 

455.  43 

a3P0-z3Pi 

(0.00)  1.45 

(0.00)  1.46 

12.39 

20 

HIE? 

500.96 

aiD2— ziD2 

(0.00)  0.98 

(0.10)  0.96 

5,  703.  32 

20 

Ill 

528.  80 

a3p1_Z3p2 

(0.00)  1.48 

(0.00)  1.44 

5,  671.  54 

100 

VE 

627.  02 

z^Hl—  e<>G3 

(0.00)  0.79 

(0.00)  0.85 

52.3 

10  h 

687.0 

z3G5-e3G6 

5,  610.  53 

20 

818.  69 

Z3G3—  c3Dj 

5,  591.  51 

1 

879.  30 

a3F3—  zJDa 

66.92 

40 

VE 

17,  958.  28 

y3F|-c3G4 

(0.  37)  1.  24 

(0. 32)  1.  20 

47.56 

3h 

18, 020.  95 

(0.  00)  1. 13 

35.66 

80 

VE 

059. 69 

&iD2  -yspj 

(0.  00  w)  0. 80  Ai 

(0. 00)  0. 77  Ai 

5,  532. 17 

10 

III 

071. 08 

Z3G4-fi3D3 

(0. 00  w)  0. 61  h 

(0. 00)  0.  69 
(0. 00)  1. 70  A« 

5,  493. 45 

20 

VE 

198.  45 

a3F3— y3F4 

(0. 00  w)  1. 57  A» 

86.86 

5 

V 

220. 31 

&1D2-y3D3 

82.27 

40 

VE 

235.57 

a3F2  -J/3FS 

(0. 00  w)  1. 89  A» 

(0. 00)  1. 81  A* 

80.72 

25 

VE 

240.72 

y3F2-c3G3 

(0. 00)  1. 03  h 

(0. 00)  0. 99 

64.37 

25 

VE 

295.  30 

a3P2  -ylFJ 

(0. 00,  0. 49,  0. 97)  0. 00  d, 
0. 49,  0. 97 

(0.00,  0.46,  0.91)  0.12, 
0. 57,  1. 03 

58.68 

50 

VE 

314.  37 

ziD2— eiF3 

(0.  00)  1. 00 

(0. 00)  0.  98 

47.59 

10 

351.  65 

z3Di-c!D2 

(0.  22)  1. 14 

(0.  25)  1. 12 

5,  423.  82 

4 

432.  08 

a3F4— 23G§ 

5,  381.  91 

100 

VE 

575.  61 

y3F2  -e3F2 

(0.  00)  0. 74 

(0. 00)  0. 72 

81.77 

50 

VE 

576. 10 

Z3F|  -e3F4 

80.97 

100 

VE 

578.  86 

aiSo-2/3DI 

(0.  00)  0.  77 

(0. 00)  0. 80 

77.08 

200 

VE 

592530 

Z3H|-C3G4 

(0. 00  w)  0. 82  A» 

(0.  00)  0. 83  A» 

40.66 

100 

HIE 

719.  09 

y3F3— c3F3 

(0. 00)  1.  07 

(0. 08)  1. 08 

33.42 

2 

744.  50 

a3Pj_  yir>2 

03.54 

100 

hie 

850. 10 

a3D2_23DJ 

(0. 00,  0.  61)  0. 57,  1. 17, 
1.78 

(0.00,  0.59)  0.55,  1.14, 
1.73 

02.62 

150 

VE 

853.  37 

ziGI—  cjG3 

(0.  00)  1. 16 

(0.  00)  1. 18 

5, 301.  97 

200 

hie 

855.  68 

a*Dz—z3T)°2 

(0.00  w)  1.50  w 

(0.00)  1.49 

5,  290.  83 

50 

HIE 

895.  38 

a3F2— ZID2 

(0.34)  0.82  B 

(0.36)  0.83 

79.11 

40 

VE 

18,  937. 33 

j/3F3— c3G4 

(0.00)  1.20 

(0.00)  1.23 

59.38 

50 

HIE 

19,  008.  37 

a>D2— z3G3 

(0.00  w)  0.46  Ai 

(0.00)  0.35  A» 

57.28 

2 

015.  96 

z3Df— eiD2 

26.20 

401 

VE 

129.  05 

Z3HJ— C3F3 

(0.00  w)  0.32  w 

(0.00)  0.28  Ai 

22.48 

3h 

142.  68 

eWj-ll 

(0.00)  1.15 

21.32 

3h 

146. 93 
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Table  4. — The  first  spark  spectrum  of  lanthanum  (La  11) — Continued 


Aair  1.  A. 

Inten- 
sity- 
spark 

Temper- 
ature 
class 

"tm  cm_1 

Term  combi- 
nations 

Zeeman  effects 

Observed 

Computed 

17.83 

10  h 

159.  74 

5, 204. 14 

300 

VE 

210. 14 

zmi-e*Fi 

(0.00)  0.86  A»? 

(0.00)  0.85  A* 

5, 191. 50 

3h 

256.  91 

(0.00)  1.05 

88.21 

500 

VE 

269. 12 

23Hg-g3G5 

(0.00)  1.09 

(0.00)  1.09 

83.42 

400 

HIE 

286.93 

a3D3-z3D3 

(0.00)  1.31 

(0.05)  1.33 

73.83 

251 

IV  ?E 

322.  67 

ziF§-/TDa 

(0.00)  1.06 

(0.00)  0.99 

72.89 

201 

VE 

326. 19 

ziD!— e3D2 

(0.20  1.03 

(0.30)  1.02 

67.28 

10 

347. 17 

z3H4-e3G4 

63.61 

40 

V?E 

360.  92 

a3F4  — z3G4 

(0.74)  1.18  B 

(0.66)  1.16 

62.68 

3 

364.  41 

aiG4— x3F§ 

57.43 

150 

VE 

384. 12 

z3HI— e'Fs 

(0.00)  0.66 

(0.00)  0.73 

56.74 

40 

VE 

386.  71 

a3F3— z3Gl 

52.31 

1 

403. 38 

6iD2_  y3ps 

22.99 

200 

HIE 

514.  43 

a3D2_23D2 

(0.00)  1.16 

(0.08)  1.16 

14.55 

200 

III?E 

546.  63 

C3Dl-23Df 

(0.00)  0.54      , 

(0.03)  0.53 

12.37 

2 

554.  97 

yZYl-e^Fi 

5, 107.  54 

6h 

573.  46 

e3F4-l§ 

(0.  00)  1.19 

5, 090.  56 

201 

VE 

638.  74 

i&bS-eSDi 

(0.00  w)  1.33  A2 

(0.00)  1.37  A2 

86.71 

3  hi 

653.  61 

Z3P2-/3G3 

80.21 

40 

VE 

678.  76 

ziF3-c3Q3 

(0.38)  0.98  w 

(0.45)  0.96 

66.99 

20  h 

730. 10 

e3G5-2l 

(0.00)  1.10  h 

63.76 

3 

742.  68 

y3F2-c3F3 

62.91 

20 

VE 

746.00 

a3p2_y3DJ 

(0.00,  0.66)  0.90,  1.56, 
2.22 

(0.00,    0.69)   0.80, 
2.18 

1.49, 

60.85 

3 

754. 04 

z3F!-e3G3 

58.56 

In 

762.  97 

48.04 

301 

VE 

804. 16 

2/3F4-33G5 

(0.00)  1.16 

(0.00)  1.12 

14.45 

30  hi 

936.  82 

x»F|-/JF8 

5, 002. 12 

40 

VE 

985.  96 

J/3F3-C3D2 

(0.00)  1.09 

(0.00)  1.08 

4, 999.  46 

200 

HIE 

19,  996.  60 

a3D3_z3P| 

(0.00  w)  1.28  A2 

(0.00)  1.08  Ai 

96.82 

50 

VE 

20,  007. 16 

j,3p,|_elG4 

95.17 

1 

013.  77 

ziF3-c3F2 

91.27 

80 

IV  E 

029.  41 

e^So-ziPi 

(0.00)  0.85 

(0.00)  0.88 

86.82 

100 

HIE 

047.28 

alD2_23D| 

(0.00,   0.43)  0.57,  1.00, 
1.43 

(0.00,    0.44)   0.55, 
1.43 

0.99, 

74.20 

4h 

098. 14 

jspj-eipj 

70.39 

100 

HIE 

113.  55 

a3Dj-z3Pt 

(0.00,   0.29)  0.83,   1.12 
US 

(0.00,   0.32)  0.82, 
1.46 

1.14, 

56.04 

2 

V 

171.  79 

52.06 

40 

VE 

188.00 

?/3F!-e3D3 

(0.00)  1.17. 

(0.00)  1.15 

46.47 

50 

IV?E 

210. 81 

a3Di-z3DI 

(0.00,  0.67)  1.15,  1.82 

(0.00,    0.67)   0.52, 
1.85 

1.19, 

35.61 

10 

VE 

255.28 

a3p1_j,3DI 

34.83 

100 

VE 

258.  48 

&1D2— 2/]Pl 

(0.00)  0.97 

(0.00)  0.99 

21.80 

300 

HIE 

312. 12 

fl3F4—  z3G! 

(0.00)  1.11 

(0.00)  1.09 

20.98 

300 

HIE 

315. 50 

a3F3—  Z3G4 

(0.00)  1.00 

(0.00)  0.92 

11.34 

10 

355. 38 

ziGl— e3F3 

4,904.43 

2h 

384. 05 

J3P§— 03D! 

4, 899. 92 

200 

HIE 

402. 82 

a3F2— Z3G3 

(0.00)  0.80 

(0.00)  0.82 

91.43 

10 

438. 23 

z3H5— e3G5 

80.20 

10  h 

485. 17 

Z3P§— 03D3 

74.99 

1 

507. 15 

ziD2— C3D3 

60.90 

80 

HIE 

566.  59 

a3F4— z3D3 

(0.00)  1.19 

(0.00)  1.17 

59.18 

5h 

573. 87 

ziQl— e3G4 

Z3Pi—  Z3D2 

50.58 

30 

VE 

610. 35 

a3P2— a:3F3 
ziQ4— eiF3 

(0.00)  1.03 

(0.00)  1.06 

43.29 

5 

V 

641. 37 

40.02 

30 

VE 

655.  32 

a3D2— 23P2 

(0.67)  1.30  ? 

(0.58)  1.30 

30.51 

10 

VE 

695. 98 

a3Pi— x3F5 

(0.00)  0.76  R 

(0.00,  0.67)  0.17,  0 

1.51 
(0.36)  1.09 

.84 

26.87 

20 

VE 

711. 59 

a^Dr-  z3DS 

(0.33)  1.08  R 

24.05 

100 

HIE 

723. 70 

a3Po— y'DJ 

(0.00)  0.79 

(0.00)  0.80 

09.00 

100 

VE 

788.  55 

a3Di— Z3P0 

(0.00)  0.51 

(0.00)  0.52 

4, 804. 04 

80 

VE 

810.  02 

ajDi— z3Pf 

(0.95)  0.49,  1.43 

(0.94)  0.52,  1.46 

4,  796.  67 

25 

VE 

841.  99 

a»G4— yiDl 

94.55 

3 

VE 

851. 20 
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Table  4. — The  first  spark  spectrum  of  lanthanum  (La  n) — Continued 


I.  A. 


Inten- 
sity 
spark 


Temper- 
ature 
class 


cm- 


Term  combi- 
nations 


Zeeman  effects 


Observed 


Computed 


80.55 
58.40 
48.73 
43.08 
40.27 

39.80 
30.73 
28.41 

24.42 

22.14 

19.93 

17.58 
16.44 

12.92 

4,  703. 27 

4,699.62 
92.50 
91.17 

88.65 
84.39 

82.12 
73.53 

71.82 
68.91 

63.76 

62.51 
55.49 
52.07 
47.50 
45.28 

41.40 
36.42 
34.95 
23.99 
19.87 

13.38 

05.78 
01.65 

4, 600. 59 

4,  595. 06 
87.14 
80.05 

74.87 

70.97 
62.5 

59.28 

58.46 
40.71 
38.87 
30.54 

26.12 
25.31 

22.37 

16.38 
08.48 


2 

3 
150 
250 
120 

15 
3h 
100 

40 

2h 

150 
50 

80 

40 

150 

50 

200 

50 

40 
2h 

5 

1  h 
200 
250 

300 

200 
400 
30  hi 
100 
100 

2  h 
80 
25  1 

2  h 
300 

200 

100 
3 

5  h 


2 

2 

150 

200 


10 

5  h 

100 

200 
10 
8  hi 
15 

200 
100 

400 

5  hi 
10 


V 

VE 

VE 
HIE 

VE 

VE 

VE 


VE 

VE 
VE 

VE 

VE 

VE 
VE 
VE 

VE 


V  E 

V  E 

V  E 

III  E 

V  E 
I 

V  E 

V  E 


V  E 

V  E 

V  E 


V  E 

V  E 
III  E 

V  E 

VE 

HIE 

VE 

HIE 

VE 

HIE 

20,  912. 27 

21,  009. 61 
052.  39 
077.  47 
089.  96 

092.  06 
132.  50 

142. 86 

160.  72 

170.  94 

180. 85 
191.  40 
196.  52 

212.  35 

255. 87 

272.  38 
304.  66 
310.  70 

322. 15 
341.  54 

351.  89 
391. 14 
398.  96 
412.  30 

435.  94 

441.  69 
474.  02 
489.  81 
510.  94 
521.  22 

539.  21 
562.  35 
569. 19 
620.  31 
639.  59 

670.  03 

705.  79 
725.  27 

730.  27 

756.  42 
793.  99 
827.  73 
852.  44 

871.  08 
911.7 

927. 16 

21,  931. 10 

22,  016. 84 
025.  76 
066.  26 

087. 81 
091.  76 

106. 12J 

135.44 
174. 22 


j/3F§— e3D2 
a^Gi— ziHJ 
Z3F|— e3Q3 

a3F3— 23D2 

aiG4— Z3F4 

aiD2— z*m 

a3P2— 2/3D2 

yiPJ- PT>2 

2iF|— e3F3 
ziQI— <?3F4 
a3P2—  ZJPl 

a3D3— ylT>2 

23F|— e3F3 

a3D3— y!F3 
z3F2— e3G3 
aiD2— z3Pi 

y3~Fh-  e*~Di 
e3D3 — 4! 

a3Di— 23P1 

C3D2— 3.3,2 

ziF§— e^Qi 
Z3F§— e3F2 

2iF§— eiF3 

a3F2— z3Di 
z3Fl— e^Gi 

Z3FS— AFs 

a3F3— z3D3 

eiF3— 25 
ziD2— e!D2 
yWl— PT>2 

23F|— g3F2 

a3Pi— y3~D°2 

a3Pi— z'Pi 
e3G5— 41 
2/3  P2— pT>3 

yfPl— pV2 

e3F3— 21 
a3P,— j/3P5 
aiD2— z3P2 

a3D2— yJDj 
e3Q3 — 1§ 

a3P2— yz~Pl 

a3D2— 2/IF3 
2iF§— g3F4 
J/3P|— /iD2 

&1D2— zspj 
a3P2— y3D3 

23F1— <*3F4 

&1D2— xiFS 
a3F2— z3D2 

03Po— ZIP! 


(0.00)  1.00 
(0.52  w)  0.953B 
(0.00  w)  0.97  A  ,i 


(0.00,  0.32)  1.31,    1.61, 

1.91 
(0.65)  0.95  us 


(0.00)  1.06 

(0.50)  1.2 

(0.00,   0.60)  0.92,  1.52, 

2. 12 
(0.00,  0.47,  0.92)   1.83, 

2.26R 
(0.00  w)  1.70  A2 


(0.00  w)  1.21  A2 
(0.00,  0.46)  0.46  us 

(0.00)  0.96 


(0.00  w)1.29h 
(0.00,  0.34,  0.68)  0.77, 

1.12  1.47,  1.81  us 
(0.20)  0.99 

(O.OOw)  0.89  A2 
(0.43)  1.20  B 

(0.00,  0.31,0.61)  1.98  A2 
(0.60)  1.26  B 


(0.21)  1.00 
(0.00)  1.43 

(0.00)  0.70 

(0.00,  0.33)  0.83,  1.16, 

1.49 
(0.63)0.89,1.52 


(0.00)1.51 

(0.49,  0.98)  0.49,  0.98, 

1. 46,  1.94 
(0.43)  1.00  R 


(0.00,0.18)  1.62 

(0.00w)  0.88  A1 
(0. 00)  1. 27 


(0. 00  w)  1. 01  Ai 
(0. 46)  1. 19  B 

(0. 00)  1. 02 
(0. 00)  0. 90 


(0.00)  0.99 
(0.55)  0.98 
(0.00)  0.90  A  i 


0.00,  0.33,   0.66)-,    -, 

1.32,  1.65,1.99 
(0.30,  0.59)   0.89,  1.19, 

1. 49,  1.78 


(0.00)  1.05 
(0.48)  1.07 
(0.00,    0.61)    0.88,    1.49 

2.09 
(0.00,0.44,0.88)  -,-,-, 

1.78,2.22 
(0.00)  1.85  A2 


(0.00)  1.26  A2 

(0.00,   0.47)  0.51,    0.99, 

1.46 
(0.00)  0.89 


(0.00)  1.30 

(0.00,  0.36,  0.71)  -,  -, 

0.73,  1.09,1.44,1.80 
(0.24)  0.99 

(0.00)  0.91  A2 
(0.37)  1.20 

(0.00, 0.30, 0.61)  2.17  A2, 
(0.58)  1.20 


(0.21)  0.99 
(0.00)  1.48 


(0.10)0.70 

(0.00,  0.32)  O.i 

1.51 
(0.62)  0.88, 1.51 


1.19, 


(0.00)1.51 

(0.48,  0.95)  0.51,  0.99 

1. 46,  1.94 
(0.44)  1.02 


(0.00,0.23)    1.26,    1.49, 

1.71 
(0. 00)  0. 82  A* 
(0.  00)  1.  28 


(0.  00)  0. 96  A» 
(0. 39)  1. 20 

(0. 00)  1. 00 


(0.00):0.88 
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Table  4. — The  first  spark  spectrum  of  lanthanum  (La  n) — Continued 


Inten- 
sity 

Temper- 
ature 
class 

"vac  Cm_1 

Term  combi- 
nations 

Zeemar 

effects 

Xair  I.  A. 

spark 

Observed 

Computed 

05.82 

3  hi 

187.  32 

|/3P5-/3Dl 

4,  502. 16 

10  hi 

205.  35 

J3P5— e3St 

(0.  00)  1. 47 

(0.  00)  1. 47 

4,  498.  76 

10 

222. 13 

2/3F1— eiD2 

(0. 00)  1. 14 

(0.  00)  1. 13 

97.00 

2 

230.  83 

a3F3— 23P2 

84.48 

lh 

292.  90 

ciG4— 61,8 

81.21 

25  hi 

309. 16 

2iPl— /3Di 

(0. 40)  0. 50, 0. 87 

(0.  36)  0.  52,  0.  88 

74.03 

10 

344.96 

2/3D2— /3Di 

(0.00,0.66)  0.50,  1.17, 
1.83 

(0.00,0.67)  0.52,  1.19, 
1.86 

59.10 

3 

419.  78 

ziG!— e3G5 

55.79 

50 

VE 

436.  43 

a3P,— j/3Pf 

(0.  24)  1.  41 

(0.  24)  1. 38 

43.94 

20  hi 

I 

496.  26 

2/3D2— /3D2 

(0. 00)  1. 18  h 

(0.  09)  1. 17 

35.84 

10 

IV  E 

537.  34 

a3F2—  z3D3 

(0. 00, 0.  60,  1. 19)  1.  28, 
1. 86, 2. 44 

(0.00,0.59,  1.17)  -,  -, 
1.  32, 1. 90, 2. 49 

32.95 

20? 

552.  03 

a3F4— J/IF3 

29.90 

400 

HIE 

567.  56 

g3Di— 2/ID2 

(0. 00, 0.  40)  0.  51,  0. 91, 
1.31 

(0.00,0.38)  0.52,  0.90, 
1.27 

27.52 

100 

V  E 

579.  69 

23F§— e3F3 

(0.00  w)  1.06 

(0.07)  1.07 

19.16 

30 

VE 

622.  41 

z^Gl—e^Gi 

(0.28)  1.04 

(0.21)  1.03 

17.14 

2h 

III 

632.  75 

z3PI— eis0 

12.22 

2h 

657. 98 

c3F3— 31,2 

11.21 

25  hi 

VE 

663. 17 

I3F1— /3D3 

(0.00  h)  1.13  h 

(0.00)  1.12 

4,  403.  02 

2 

III  A 

705. 33 

a3Fs— z3PI 

4,  385.  20 

40 

VE 

797.  59 

Z3F33— e^Gi 

(0.00)  1.24 

(0.00)  1.24 

83.44 

100 

VE 

806.  75 

z3FI— e3F3 

(0.00,0.40,0.80)      0.28, 
0.68,  1.08,  1.48,  1.88 

(0.00,  0.38,  0.77)  0.29, 
0.68,  1.06,  1.45,  1. 83 

78.10 

50 

IV  E 

834.  56 

23FS— £lF3 

(0.30  w)  0.95 

(0.34)  1.02 

64.66 

100 

IV  E 

904.  88 

a3Po— yspj 

(0.00)  1.28 

(0.00)  1.26 

63.05 

501 

VE 

913.  33 

2/3DI— /3D3 

(0.00  h)  1.32  h 

(0.03)  1.32 

56.18 

1 

949. 46 

2/iP!— giPi 

54.40 

200 

IV  E 

22,  958. 84 

aiSo— yiPi 

(0.00)  1.08 

(0.00)  1.07 

37.78 

101 

23,  046. 81 

X3F§— /3D2 

(0.00)  1.08  h 

(0.00)  1.02 

34.96 

100 

VE 

061. 80 

23F2— eiF3 

(0.00,  0.29,  0.57)   0.69, 
0.97,  1.26,  1.54 

(0.00,  0.28,  0.55) -0.68, 
0.95,  1.23,  1. 51 

33.76 

500 

HIE 

068. 19 

a1D2— yl~D°2 

(0.17)  0.94 

(0.16)  0.94 

22.51 

100 

HIE 

128.22 

aiD2— 2/^3 

(0.00)  1.10 

(0.00)  1.08 

15.90 

30 

VE 

163.  65 

a3D3— z3F! 

(0.00,  0.50,  1.00)  0.86, 
1.36,  1.86,2.36 

(0.00,  0.50,  1.00) -0.84, 
1.34,  1.84,2.34 

04.11 

10  hi 

227. 10 

e3F*— 51,3 

(0.00  h)  1.24  h 

4, 300.  44 

60 

IV  E 

246. 92 

a3F2— Z3P2 

(0.73,   1.48)   0.00,  0.72, 
1.45,  2.18 

(0.73,  1.46)  0.00,0.73, 
1.46,  2.19 

4,  296.  05 

300 

IV  E 

270.  67 

a3P2— 2/3P5 

(0.00)  1.48 

(0.02)  1.49 

86.97 

300 

VE 

319.  96 

Z3FJ— £3G5 

(0.00)  1.08 

(0.00)  1.09 

75.64 

100 

IV  E 

381.75 

a3D2— y3Dl 

(0. 00,  0.  35)  0. 82,  1. 17, 
1.52 

(0.00,  0.34)  0.80,  1.14, 
1.48 

69.50 

300 

VE 

415.38 

Z3F3— C3F4 

(0.00)  1.20 

(0.00)  1.22 

63.59 

200 

VE 

447.  83 

ziF§— eiG4 

(0.00)  1.12 

(0.00)  1.08 

59.51 

2h 

470.  30 

Z3F2— /3D2 

58.50 

3 

486. 89 

52.93 

4 

506.  61 

a3F3— f^FS 

49.99 

100 

VE 

522. 87 

23F1— eiG4 

(0.  74)  0.  50,  0.  76,  1. 02, 
1.27,  1.53,  1.76 

(-,-,0.59,0.79)  0.50, 
0.75,1.00,  1.25,  1.50, 
1.75 

48.32 

2 

532. 11 

t/iPl— /3F3 

41.20 

15  hi 

571. 62 

e3G4— 41 

38.38 

400 

HIE 

587.30 

a3D3— i3F3 

(0.  74)  0.  56,  0.  82,  1. 08, 
1. 34,  1.  60,  1.  86 

(-,0.51,0.77)0.57,0.83, 
1.08,  1.34,  1.59,  1.85 

30.95 

150 

VE 

628.  72 

ziF§— e3D3 

(0.  80)  0.  65,  0. 85,  1. 06, 
1. 26,  1. 47,  1. 67  ur 

(-,  0.52,0.78)0.53,0.79, 
1.05,  1.31,  1.56,  1.82 

17.56 

200 

VE 

703.  74 

23F1— C3D3 

(0.00)  1.22 

(0.00)  1.19 

10.22 

50  hi 

745.  06 

(0.  00  h)  1.  02  h 

07.61 

101 

759.  79 

y3DJ— /3Di 

(0. 27)  0.  68  h 

(0.28)  0.66 

04.03 

100 

VE 

780.  02 

a3Pi— 2/3P3 

(0.00)  1.48 

(0.00)  1.49 

4, 201.  50 

6h 

794.  34 

4, 196.  55 

250 

HIE 

822. 41 

a3D2— l3F2 

(0.  32,  0. 64)  0.  51,  0. 82, 
1.13,  1.44 

(0. 30,  0. 61)  0.  53,  0. 84, 
1.14,  1.44 

94.36 

30  h 

834. 85 

xm—pGi 

(0.  00  h)  1.  06  h 

(0.00)  1.06 

93.34 

5 

840.  64 

[I/3D5— /-3D3] 

(0.25)  0.64 

(0.00)  1.47  (?) 

92.35 

100 

VE 

846.  27 

23F§— e3D2 

(0.00)  1.06 

(0.00)  1.07 
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Table  4. — The  first  spark  spectrum  of  lanthanum  (La  n) — Continued 


Aair  1.  A. 

Inten- 
sity 
spark 

Temper- 
ature 
class 

"vaoCm~X 

Term  combi- 
nations 

Zeeman  effects 

Observed 

Computed 

80.97 

121 

23,  911. 18 

y3Di— /3D2 

61.94 

8h 

24,  020.  51 

(0. 00  h)  1.  02 

54.59 

2h 

063.  00 

^Fj— 51,3 

52.78 

100 

IV  ?E 

073. 49 

Z3F2— C3D2 

(0.43,0.84)  0.27,0.67, 
1.08,  1.48 

(0.42,0.85)  0.25, 
1.10,  1.52 

0.68, 

51.98 

250 

HIE 

078. 13 

a3Di— yWl 

(0.  29)  0.  50,  0. 77 

(0. 28)  0.  52,  0. 80 

48.2 

4h 

100.1 

ziPi— /iD3 

43.77 

15 

125.  83 

a3P2— j/i  PJ 

41.73 

200 

IV  E 

137.  72 

a3D3— |/3D2 

(0.00  w)  1.50  w 

(0.00)  1.48 

37.91 

2 

160.  00 

c3Q3— 3s,  2 

33.33 

6  hi 

186. 77 

(0.00)  0.97 

32.50 

10  hi 

191. 63 

#3P2— 03l>3 

(0.00  h)  0.83  h 

(0.00)  0.92 

31.74 

5h 

196.  08 

c3D3— 72,  3 

(0.00  h)  1.13  h 

23.23 

400 

HIE 

246.01 

a3D2— x3F§ 

(0.00)  1.05 

(0.00)  1.02 

15.35 

lh 

292.44 

z3FS— /3G3 

13.28 

401 

304. 66 

6^3—61,  3 

(0.00  h)  1.09  h 

4, 101. 01 

3h 

377.  38 

e^Qi— 71, 3 

4,  099. 54 

150 

VE 

386. 12 

Z3F2— e3Di 

(0.00)  0.77 

(0.00)  0.77 

98.73 

5 

390.  94 

j3FJ— /3D3 

86.72 

300 

HIE 

462.62 

a3F2— J/iDl 

(0.32)  0.79  w 

(0.30)  0.81 

77.35 

300 

HIE 

518. 84 

a3Di— x3F2 

(0.00,0.32)    0.57,    0.89, 
1.20 

(0.00,0.32)    0.52, 
1.15 

0.84, 

76.71 

40 

IV  E 

522.  68 

a3F2— y^l 

(0.00,0.31,   0.62)    0.79, 
1.08,  1.38,  1.69 

(0.00, 0.30,  0.60)  - 
1.03,  1.33,  1.64 

,  0.73, 

67.39 

100 

IV  E 

578.  88 

a1D2— J/3DJ 

(0.00  w)  1.14  A2 

(0.00)  1.17  A2 

58.08 

5t 

635.  26 

asPj— yiPi 

(0.45)  1.06,  1.47  us 

(0.44)  1.07,  1.51 

50.08 

200 

VE 

683.  92 

ZIF3— elT>2 

(0.00)  1.02 

(0.00)  1.05 

42.91 

300 

IV  E 

727.  70 

aiGi—xm 

(0.00)  0.99 

(0.00)  1.00 

36.59 

15  d 

VE 

766.  41 

aiSo— J3Pf 

(0.00)  1.54 

(0.00)  1.52 

31.68 

300 

HIE 

796.  57 

a3D2— y3T>2 

(0.00)  1.15 

(0.09)  1.17 

25.87 

50 

IV  E 

832.  36 

a3D2— ziPI 

(0.00  w)  1.37  A* 

(0.00)  1.40  A2 

23.58 

40 

IV  E 

846.  49 

2/3  F§— e^Gi 

(0.00)  1.07 

(0.00)  1.02 

20.19 

2h 

867.44 

J/3P2— e3Si 

4,  007. 64 

7h 

24, 945.  32 

(0.00  w)  1.01  h 

3, 995.  74 

400 

HIE 

25,  019. 61 

aiD2— x*F°2 

(0.30)  0.90  w 

(0.27)  0.91 

94.50 

10 

027.  37 

z3F§— e3D3 

(0.57  h)  1.25  h 

(0.56)  1.20 

88.51 

500 

HIE 

064.  96 

a3D3— 2/3D3 

(0.00)  1.32 

(0.06)  1.32 

81.36 

101 

109.  97 

Z3F2— fDj 

(0.38)  0.98  h.  us 

(0.33)  0.93 

79.08 

81 

124.35 

j3FJ— <73D3 

(0.00)  1.26 

(0.00)  1.30 

63.04 

51 

226.  04 

(0.00  w)  0.82  h 

62.03 

101 

232.  47 

(0.00)  1.10  h 

58.53 

2 

254.  78 

Z3F2— e3D3 

57.25 

2 

262. 95 

56.07 

4 

270.  48 

2/1 D2- pBi 

(0.00  h)  1.29  h 

(0.00)  1.27 

55.21 

3h 

275.  98 

(0.00)  1.15 

53.36 

2 

287. 81 

(0.00)  1.06 

51.43 

3h 

300. 16 

i3F3— fiF3 

49.10 

600 

HIE 

315.  09 

a3D3— z3F4 

(0.00)  1.13  w 

(0.00)  1.11 

44.15 

3 

346. 86 

2/3D5— 03D2 

(0.00)  1.18  h 

(0.04)  1.18 

39.85 

201 

374.  52 

2/3D§— 03D3 

^(0.21)  1.27  h 

(0.26)  1.26 

36.22 

50 

IV  E 

397. 92 

a3F3— x3F5 

(0.00,  0.25,  0.48),  0.86, 
1.10,  1.34,  1.58. 

(0.00,  0.26,  0.51)  - 
0.84, 1.09, 1.35, 1 

>      > 
.60 

32.53 

10  1 

421.75 

2/1D2-/3D2 

(0.44)  1.06  B 

(0.44)  1.02 

30.47 

3 

435.  07 

(0.00)  0.92 

29.22 

300 

HIE 

443. 17 

aiD2-z3F3 

(0.00)  1.20 

(0.00)  1.18 

25.09 

5 

469.  94 

J/3D2-/303 

24.69 

3 

472.  53 

(0.00  h)  0.72  h 

21.54 

200 

III  E 

492.  99 

a3Di— 2/3D2 

(0.00,0.66)   0.52,1.18, 
1.84 

(0.00,0.67)    0.52, 
1.86 

1.19, 

16.05 

300 

HIE 

528.  73 

a3Di-ziPS 

(0.38)  0.51,0.88 

(0.36)  0.52,0.88 

3,  910. 81 

101 

IV  ?E 

562.  94 

a3D2-j/3Pi 

(0.00)  1.04 

(0.00)  1.08 

3, 897.  43 

4 

650.  70 

a3Di-2/3P5 

92.47 

3 

683. 37 

2/iPi-63P2 

(0. 00  h)  1. 4  h 

(0.00)  1.30 

92.05 

3 

686. 15 

2/3P5-^D2 

86.37 

150 

hie 

723.  69 

a3D2— 2/3D§ 

(0. 00  w)  1. 62  A  2 

(0.00)  1.66A2 
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Aair  1.  A. 

Inten- 
sity 
spark 

Temper- 
ature 
class 

"vac  Cm_1 

Term  combi- 
nations 

Zeeman  effects 

Observed 

Computed 

85.09 

4 

732. 16 

I/3P2-e3Pi 

71.64 

200 

III?E 

821.  56 

a3F3— z3F§ 

(0.00)  1.08 

(0.00)  1.09 

68.35 

3  h 

843.  52 

64.49 

1001 

869.  33 

xm-pGs 

(O.OOh)  1. 10  h 

(0.00)  1.11 

63.11 

2 

878.  57 

ziPi-eiPi 

60.31 

2 

897.  34 

Z3FJ-03D2 

54.91 

30 

933.  62 

a3p2_a;3pf 

(0.00)  1.50 

(0.00)  1.48 

49.02 

100 

III  ?E 

973.  30 

a3F2-2/3Df 

(0.00)  0.69 

(0.00)  0.70 

46.00 

20 

V?E 

25,  993.  69 

aiD2-y3D2 

(0.36)  1.11  B 

(0.37)  1.09 

40.72 

60 

V?E 

26,  029.  43 

0102-2^1 

(0.00)  1.04 

(0.00)  1.04 

36.4 

1 

058.7 

xi-F°r-g*Fi 

35.09 

50 

V  E 

067. 64 

a3Pi— z3Po 

(0.00)  1.49. 

(0.00)  1.51. 

17.24 

8  h 

189.  53 

e3D2— 83 

(0.00)  0.82  h. 

16.25 

10  h 

196.  33 

2/3Di— £3Di 

(0.00  h)  0.68. 

(0.13)  0.73. 

14.1 

2 

211.1 

y3PJ— «3Si 

08.79 

15 

247.  63 

g3D3— 2/3P! 

(0.00  w)  1.18  h 

(0.00)  1.18 

07.1 

1 

259.3 

a3Di— ?/3Pi 

04.8 

2  h 

275.2 

xiYl—PFs 

3, 801.  0 

1 

301.4 

yZjy% — g3J)3 

3,  798. 19 

2 

320. 88 

Z3F2— g3T>2 

94.78 

400 

III  E 

344.  54 

a3F4 — y*D°2 

(0.00)  1.16 

(0.00)  1.18. 

90.83 

300 

III  E 

371.  99 

a3F3— 2/3D1 

(0.00)  1.00. 

(0.00)  0.99. 

84.81 

15 

V  E 

413.  93 

c3F2— x3F°2 

(0.17)  0.79. 

(0.19)  0.78. 

83.06 

1 

426. 15 

e3G4— 71,3 

80.67 

50? 

V  E 

442.85 

a3Pi— 3T3P! 

(0.00)  1.54. 

(0.01)  1.51. 

80.53 

50? 

443.  84 

zSFS— . f3Gs 

(0.00  h)  0.92  h. 

(0.00)  0.94. 

73.12 

150  1 

495.  77 

z3F§— PGi 

(0.00)  1.00  h. 

(0.G0)  1.00. 

68.98 

3  h 

524.  87 

y*m— PFS 

67.05 

5  h 

538.  46 

y3F°2—e3F2 

(0.47)  1.24  B. 

(0.50)  1.36. 

66.58 

3  h 

541.  77 

z3FI— e3H4 

59.08 

300 

III  E 

594.  72 

a3F4— z3FI 

(0.00)  1.25. 

(0.04)  1.25. 

53.04 

2  h 

637.  52 

23Pf— PT>2 

47.96 

5  1 

673.  63 

(0.00  w)  0.90  h. 

44.85 

2  h 

695.  78 

36.41 

15  1 

756.  08 

xm—PFi 

(0.37)  1.20  B. 

(0.29)  1.20. 

35.85 

10 

IV  E 

760.  09 

a1D2— y3P! 

(0.00  w)  0.90  d 

(0.00)  0.85 

35.09 

1 

765.  53 

yiT>2— PT>3 

31.42 

8h 

791.  86 

yij)l— e3H4 

28.97 

2h 

809.  46 

1/3P1— fi3P0 

25.05 

20 

IV  E 

837. 67 

a3F2— x3F3 

(0.00,    038,  0.75)   0.79, 
1.16,  1.53,  1.90 

(0.00,  0.35,0.70)- 
1.08,  1.43,  1.78 

,0.73, 

20.75 

2 

868. 69 

ySDi—a1F>2 

17.99 

2 

888. 63 

j3F2— eiPi 

15.53 

50 

IV  E 

906.  44 

a3D2— J/3PI 

(0.40,  0.72)  0.80,  1.13, 
1.  46,  1.79 

(0.36,  0.71)   0.78, 
1.50,  1.85 

1.14, 

14.87 

40 

VE 

911.22 

a3P0~2;3PJ 

(0.00)  1.50 

(0.00)  1.52 

13.54 

100 

IV  E 

920.  85 

aiD2— y3Dl 

(0.00,   0.34,  0.68)  1.00, 
1.35,  1.69,2.03 

(0.00,  0.32,0.65)- 
1.31,  1.64,  1.96 

,  0.99, 

10.61 

2 

942. 11 

ziPi— e3Si 

05.81 

80 

VE 

26,  977.  01 

a3P2— z3P2 

(0.00)  1.51 

(0.02)  1.48 

3,  701. 81 

401 

VE 

27,  006. 15 

yt-Dl-pFi 

(0.00  w)  0.73  Ai 

(0.00)  0.70  Ai 

3,  696. 11 

2h 

047.  80 

i3F§— f3F2 

95.2 

2fl 

054.5 

94.27 

7h 

061.  27 

yiV°2—p~D2 

(0.36)  0.88  h 

(0.22)  0.96 

92.31 

2h 

075.  64 

j/3Pi— e3Pi 

78.24 

2h 

179.  20 

23Pl— PD2 

75.22 

1 

201.  54 

<?1F3— 83 

70.23 

4h 

238.  52 

e3G^— 83 

(0.30)  1.06 

69.27 

3h 

245.  65 

65.22 

101 

275.  75 

J3F2— ff3D3? 

(0.  00  d)  1. 92  d 

(0.00,0.37,-)- - 
1.  96. 

,1.51, 

62.08 

30 

IV  E 

299. 14 

a3F3— y3T>l 

(0. 66)  1. 16  B 

(0.  57)  'l.  20 

58.40 

3 

326.  60 

xm—g^i 

(0.  00)  1.  0 

(0.  00)  1. 17 

58.04 

1 

329.  29 

y^TJl— giPi 
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Aair  1.  -A.. 

Inten- 
sity- 
spark 

Temper- 
ature 
class 

"„.„  cm-1 

vao 

Term  combi- 
nations 

Zeeman 

effects 

Observed 

Computed 

56.62 

lh 

369.  84 

zip?— eiSo 

50.19 

80 

VE 

388.06 

aiF2—y3T>2 

(0.48,0.91)0.29,0.73, 
1.18,  1.62 

(0.46,  0.92)  0.27, 
1.19,  1.65 

0.73, 

45.43 

200 

IV  E 

423. 82 

a»Fs— ziPi 

(0. 00)  0. 66 

(0.00)  0.65 

41.66 

501 

452.  21 

yiDS—fZFs 

(0.  00)  1. 21 

(0. 00)  1. 09 

41.10 

2 

456. 43 

zmi— ems 

(0. 00)  1. 01 

(0.  00)  1. 02 

39.25 

3h 

470.  39 

xm—pGi 

37.15 

40 

VE 

486. 25 

aS~Pi—x*P°2 

(0.  00)  1.  51 

(0. 00)  1. 46 

29.99 

2  hi 

540.  46 

2ipj_e3p0 

28.83 

60 

IV  E 

549.  27 

a3F3— x»F! 

(0. 00  w)  1. 68  A* 

(0. 00)  1.  71  A2 

21.77 

4 

VE 

602. 97 

a3Di— J/3PI 

20.16 

1 

615.  24 

ylY°3—pFi 

18.60 

1 

627. 15 

z^Dl—pDi 

12.34 

50 

V  E 

675.  02 

j/iDI- /»FS 

(0.  00)  1. 11 

(0.  00)  1. 10 

11.09 

2 

684,  60 

y*?b— e3Pi 

(0.  00)  1. 57  h 

(0.  00)  1.  57 

10.25 

301 

691.  04 

(0.  00)  1. 02 

(0.  00)  1.  03 

09.22 

4 

698. 95 

z1Fs-/i1D2 

(0.00)  1.00 

(0.00)  1.01 

08.18 

4 

706.  93 

0iD3-0>Di 

(O.OOw)  1.08  A2 

(0.00)  1.12  A2 

06.42 

4  hi 

720.  45 

yfDl-PQi 

3,  601.  07 

20  hi 

v  E 

761. 63 

a3D2-?/1Pi 

(0.00)  1.18 

(0.00)  1.17 

3,  598. 93 

3  hi 

778. 14 

Z3DS-/3D2 

(0.00)  1.15 

(0.08)  1.16 

96.65 

4  hi 

795.  75 

2/3D2— gi~D2 

(0.00)  1.22 

(0.20)  1.14 

93.29 

pE 

821.  74 

92.42 

2h 

828.48 

90.66 

lh 

842. 11 

y3T>2— e3Pi 

85.53 

2 

881.  95 

2/3pj-e3P2 

(0.00)  1.25 

(0.00)  1.20 

81.68 

20  hi 

911.  92 

y3Di— /3F2 

(0.00)  0.74 

(0.00)  0.76 

80.10 

8h 

924.  24 

23PS-/3Pi 

(0.00)  1.52 

(0.00)  1.48 

78.89 

5h 

933.  68 

Z3P5-/3P0 

(0.00)  1.44 

(0.00)  1.52 

76.56 

2  hi 

27,  951. 88 

x3FI-c3Si 

70.10 

30  hi 

28,  002. 38 

xm-pF3 

(0.00)  1.08 

(0.15)  1.11 

57.26 

8 

IV  ?E 

103.  53 

aiD2-y3p| 

50.82 

6 

IV  ?E 

154. 49 

a3F2-2/3Pi 

36.37 

3h 

269.  53 

x3F3-e3EU 

33.67 

3h 

291. 13 

23DI-/3Di 

30.67 

8 

V?E 

315. 17 

a3F2— y3T>3 

26.77 

2h 

346.  48 

x3F°3-glT>2 

20.72 

10  hi 

395. 19 

yi-DS-PQi 

(0.00)  0.88 

(0.00)  0.88 

14.87 

2h 

442.  45 

23D|-/3D2 

12.93 

10 

IV  E 

458. 15 

a3Di-yiPi 

(0.53)0.53,1.10 

(0.55)  0.52,  1.07 

10.00 

15 

IV  E 

481. 91 

a3F3-2/3P2 

3,  507.  90 

4  hi 

498.  96 

3,  493. 97 

2  h 

612.  58 

*iPi— e3P2 

84.39 

10  1 

691.  25 

z»Oi— /3D3 

(0.00)  1.33 

(0.04)  1.32 

74.84 

8  1 

770. 10 

i3F2— (7ID2 

66.46 

1  h 

839. 64 

»»D5— e^x 

62.32 

2  h 

874. 13 

60.31 

5  1 

890.  90 

Z3P|— /1F3 

53.17 

50 

III  E 

950.  63 

a3D3— xiFS 

(0.93)  0.37,  0.68,  1.00, 
1.31,  1.63,  1.94 

(-,  -,  0.99)  0.34, 
1.01,  1.34,  1.67, 

0.68, 
2.00 

52.18 

40 

III  E 

958.94 

aiD2— yiP! 

(0.00)  0.95 

(0.00)  0.95 

51.12 

3  1 

28,  967. 83 

xs-pi—p-Pi 

32.81 

5 

29, 122.  34 

z3D|— PD3 

27.57 

8 

166. 85 

l/iF§— ff'Da 

23.9 

5 

198.1 

xm—f  tGi 

22.44 

2 

210.  57 

2/3Df— giJii 

20.54 

5  h 

226.  80 

VlT>i— <73Ds 

11.76 

20  hi 

302.  01 

j3p|_/3p2 

(O.OOw)  1.48 

(0.05)  1.46 

3,  407.  00 

8  hi 

342.  95 

a;ap5_/3p, 

(0.00)  1.50 

(0.00)  1.47 

3,  398.  29 

2  h 

418. 15 

z3D2— /1D2 

97.77 

40  hi 

V  E 

422.  65 

yiT>i— f3F2 

(0.24)  0.85 

(0.23)  0.83 

92.94 

4  h 

464.  54 

z3Pi— £3Di 

90. 40 

4  h 

486. 61 

f      z3P5— g»T>i 

\        Z3P§— g3T»2 

80.91 

300 

III  E 

569.  36 

03D2— I3PJ 

(0.00,  0.37)  0.75,  1.11, 
1.47 

(0.00,   0.38)  0.76, 
1.52 

1.14, 

76.33 

50 

III  E 

609. 49 

aPD*—. xWl 

(0.00)  0.88 

(0.00)  0.87 
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Xair  1.  A. 

Inten- 
sity 
spark 

Temper- 
ature 
class 

v      cm-1 

vao 

Terra  combi- 
nations 

Zeeman  effects 

Observed 

Computed 

74.89 
51.89 

3 
3 

622. 12 
825.  37 

2iF5— jiD2 

44.56 
37.49 
29.07 
26.21 
25.  33 

200 

300 

8 

5 

3 

HIE 
HIE 

890.  73 

29,  954.  05 

30,  029. 81 
055.  63 
063.  59 

a3Di— J3Po 
a3D3— x3P2 

Z3pj—03D2 

23  PS— ei  Pi 

Z3D2 — t73Di 

(0.00)  0.53 
(0.00  w)  1.12  Ai 

(0.00)  0.52 
(0.00)  1.06  A* 

10.62 

06.98 

3,  303. 11 

3, 298.  72 

97.15 

4 
8 
150 
5h 
3 

IV  E 
HIE 

197. 16 
230.  40 
265.  82 
306.  09 
320.  52 

Z3D;j — 03D2 

a3F4— ariFI 
a3D2— £3Pi 

Z3D3— pQ3 

(0.00)  1.77  R 
(1.00)  0.51,  1.51 

(0.00)  1.03 
(1.00)  0.52,  1.52 

94.44 
83.95 
77.83 
67.31 
65.67 

10 

8h 

4 

3 

600 

HIE 

345.  46 
442.39 
499.  23 
597. 43 
612.  79 

2r3pj_/3p2 
Z3P2— 03D3 

zaps— ff3p, 

z3PI— eiPi 
a3D2— z3P2 

(0.48,  0.80)  0.82,  1.17, 
1.51,  1.86 

(0.34,    0.68)    0.80. 
1.48,  1.82 

1.14, 

63.98 
53.41 
49.35 

45.13 
26.03 

5 

10  h 
80 

150 
2 

HIE 
HIE 

628.  64 
728.15 
766.  54 

806.  55 
30, 988. 93 

Z3D§— (73D2 
z3Dl— 03DX 
aiD2— z3Pi 

aiD2— x!F3 
z'Dr- PT>2 

(0.00)  0.65 

(0.00,  0.50)   0.46,  0.94, 

1.44 
(0.00)  1.04 

(0.12)  0.61 

(0.00,    0.53)    0.46, 

1.52 
(0.00)  1.03 

0.99, 

24.71 
17.12 
12.56 
09.13 
08.13 

1 

8h 
5 
6 
6 

31, 001. 62 
074.  76 
118. 86 
152. 12 
161. 83 

zmt—giQi 

Z3P2— <73P2 
Z3p|_g3S, 

z3D§— g*Di 

05.75 
3,  204.  55 
3, 194.  70 

93.02 

4 

3 

2 

25 

IV  E 

184. 96 
196.  64 
292. 83 
309.29 

aW$— £iF3 
z3DI— eiPi 
z3DJ— g3D2 
a3Di— i3Pi 

(0.00,  0.96)  0.61,1.58, 
2.54. 

(0.00,  0.96)  0.52, 
2.44 

1.48, 

91.39 

10  h 

325.28 

:r3P2— ft3D2 

74.88 
66.26 
65.19 
60.56 
57.58 

10  hi 
2 
4 
3 
2 

488.18 
573. 90 
584.  57 
630.  84 
660. 69 

x3P2— ft3D3 
yiT>°2— e3P2 
y3T>h-  hlD2 

p3p|_/3p, 

z3Pf— e3Si 

56. 35 

45.7 

42.76 

32.14 

30.25 

2 

2h 
40 
3 
2 

IV  E 

673.  02 
780.3 
809. 98 
917. 83 
937. 10 

yiPi— VT>2 

23D|— /3F2 

aiD2— x3P2 
zspg— £3Pi 

z3P|— glT>2 

25.72 

12.63 

08.46 

3, 104.  58 

3, 094.  76 

4  hi 
8  h 
8 
50 
4h 

IV  E 
IV  E 

31, 983.  39 

32,117.88 

160.  97 

201. 16 

303. 34 

Z3P§— f3Pl 

a;3pj_^p2 
a3Fr- a;3PI 
a3F2— xiF§ 

(0.00  w)  1.50  A2 

(0.00)  1.56  A* 

88.53 
81.42 
75.51 
69.45 
68.96 

4h 

6h 

4h 

3 

4 

368.  49 
443.18 
505.  52 
569. 69 
575.  09 

x3Pi— h*T>2 
z3Df— /3F2 
ziF§—  1D2? 
z3D3— e3H4 
l3Po— h*~Di 

59.91 
54.02 
49.39 
45.63 
36.43 

8 
6 
5 
1 
2 

671. 23 
734.  24 

783.  94 
824.  41 
923.  86 

ziPI— /sPo 
Z3D|_f3p3 

z3D§— PF4 
z3GS— e3H4 
z3D|— e3Si 

35.80 
28.64 
25.88 
22.26 
18.95 

1 
2 

4  ? 

5  hi 

6  hi 

32,  930.  69 

33,  008.  54 
038.  65 
078.  22 
114. 48 

z*Gh- PQi 

y3p|_/3p2 

z3Gs— /3F4 
z3D£— 0iD2 
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LA. 


07.32 

3, 004. 68 

2, 985.  76 

85.43 

84.33 

83.44 
76.83 
71.48 
66.55 
66.08 

62.90 
59.85 
58.71 
51.46 
50.50 

48.82 
43.56 
39.64 
29.86 
25.15 

23.90 

13.60 

10.05 

2,  905.  53 

2, 899.  80 

97.76 
93.08 
89.11 
85.13 
83.  35 

80.65 
76.  55 
74.28 
73.20 
67.47 

62.98 
62.37 
59.76 
55.  90 
53.72 

49.51 
48.34 
46.67 
43.67 
40.51 

38.45 
32.53 
25.82 
25.51 
21.03 

19.73 
18.40 
15.36 
13.72 
13.05 

09.35 
08.39 
07.20 
05.58 
2, 804.  55 

2,  798.  56 
96.40 
91.51 
81.  25 
80. 23 


Inten- 
sity 
spark 


5 

5h 

2 

5 

3 

3 
3 
1 

4 
2 

15 
5 
1 
3 

50 

1 

6  hi 
3h 
7 
5h 

20 
2 
1 
4  hi 

4  hi 

5  hi 
60 

1 

50 

1 

40 
1 
3 
2 
2h 

15  hi 

6 

5 
50  hi 

4h 

2h 
6 
5 
4 
25  hi 

51 

5 

1 

5 

5 

2 
3 
6 
5 
3 

2 

150 
1 
5 

4 

40  hi 

5 
25 

1 
20 


Temper- 
ature 
class 


VE 


VE 
VE 

VE 


VE 
VE 


V  E 


V  E 


cnr 


242.  54 
271.  74 
482. 57 
486.  27 
498. 61 

508. 61 
583.  01 
643.  47 
699.  38 
704.  72 

740. 89 
775.  65 
788.  67 
871.  66 
882. 68 


Term  combi- 
nations 


901. 99 

33,  962.  57 

34,  007.  85 

121.  37 

176.  31 

190.  92 

311.  78 

353. 63 

407.  07 

475.  06 

499.  32 

555. 14 

602.  61 

650.  35 

671.  74 

704.  23 

753.  69 

781. 14 

794.  21 

863.  74 

918.41 

925.  85 

34,  957.  73 

35,  004.  97 

031.  71 

083. 47 

097. 88 

118.  47 

155.  51 

194.  62 

220. 16 

293.  77 

377.  57 

381. 45 

437. 64 

453.  97 

470.  70 

509.  00 

529.  70 

538. 16 

584. 96 

597. 13 

612.  22 

632.  78 

645.  86 

722. 15 

749.  75 

812.  37 

944.  47 

957.  66 

ziDI— /1F3 

z3G3— PF2 
x*F'2— ftiD2 
23D§— /1G4 

23G|_/3F3 
J'3P5- /3Pl 

2/3F1— /3Q3 
z3G|— e3H5 
ziPi— P~Pi 

2/30S— /3Pi 
z3G°4— emt 
z^Dl—e^Pi 

zmi— eil6 

y3F§— /1F3 
ziD2— /"3G3 
yiPi— A»Di 
2/3D1- /3Po 
3/iPi— /i3D2 

J'DS- pFi 
2/3F2— n~D2 
j/i  PI— ID  j? 
2iD§— eiPi 
y»Fi— 03D3 

t/3F§— <73D2 
z3Gs— em& 
ziPi— PDj 
z3GI— e3H5 

Z3P2— 03F3 

z3G§— e3H4 
z3  Gl— ^D2 

ZlDI— 03D3 

y»P2— A*Di 

z3G3— PFi 
y*Fr-fiF3 
yZFr-fftDi 
»«FS— giQt 
2/3P2— ft3D2 


ym— AG4 
»»D5— . /"3P2 
2/3Df- pFy 
2/3  PS— /i3D3 

ym—PGs 
z3Di— Q3F2 
»iF§— A»D2 
Z3D3— <73F3 
yi~Ds— /iiD2 

ym— £3D3 
ziDI— e3Si 
z3F§— pDj 
23F5— f»Dj 
ziGi— PF3 

z3F2— P&i 
6iD2— xipj 
x3F|— jiD2 
z3G§— /1G4 
?/3F2— /3G3 

z3D|— g3F4 
ziF§— /iD2 
z3D2— gr3F3 
ziD2— PF3 
z3Di— £3F2 


Zeeman  effects 


Observed 


(0.00)  1.04 


(0.00)  1.23? 


(0.  00)  1. 12 
(0.  00)  1. 04 

(0. 00)  1. 18 


(0.  00)  1. 13 


Computed 


(0.00)  1.04 


(0.00)  1.17 


(0. 00)  1. 12 
(0. 00)  1. 00 

(0.  00)  1. 19 


(0. 00)  1. 13 


(0.00)  1.04 

(0.00)  1.08 
(0. 00)  1.  04  B 


(0.00)  1.04 

(0.00)  1.08 
(0.00)  1.03 
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Xair  I.  A. 

Inten- 
sity 
spark 

Temper- 
ature 
class 

"„„„  cm-1 

vac 

Term  combi- 
nations 

Zeeman  effects 

Observed 

Computed 

79.78 
78.76 
73.86 
67.40 
61.10 

10 

10 

1 

8 

5 

963.  48 

35,  976.  68 

36,  040.  23 
124.  35 
206.  77 

2/3D3— </3P2 
z3GS— g*F< 

ZiPf— <73P0 
2/3PJ— ft3Di 

60.51 
59.14 
58.  65 
55.57 
52.84 

3 
3 
3 
1 
10 

214.  51 
232.49 
238.  93 
279. 43 
315.  41 

!/3Ds— A3D2 

z3H?— e3H5 

yi  pi— /'So 

Z'PJ— 0'Pi 

yiT)°2-gz~Pi 

48.31 
36.90 
36.41 
32.40 
27.5 

8 
2 
3 

10 
2 

375.  26 
526.  90 
533.44 
587.05 
652  8 

y3Pi— /i3D2 
z3Hl— e3H< 
If»DI— PF2 
ztGl—gZFs 
Z3P§— ftiD2 

26.48 
21.45 
15.43 
12.51 
09.92 

1 
2 

10  hi 
1 
3 

666.  49 
734.  25 
815.68 
855.  32 
890.  54 

3/iDS— PPi 
z'Gl— PGi 
2/3P5— ft3Dx 

Zip|_  g3  p2 

y3I>2— g*Fi 

06.49 

2,  702. 13 

2, 695.  47 

94.21 

91.60 

2 
8 
35 
5 
1 

937.  29 

36,  996.  88 

37,  088.  29 
105.  64 
141.  62 

ziPf— /i3Di 
z3G3— g3F2 
zmi—emt 

?ipi— /i3d2 

1/3D2L-A3D2 

87.75 
81.49 
79.87 
75.66 
73.74 

2 
10 
4h 
5 
3 

194.  81 
281.  64 
304.17 
362.  87 
389.  70 

z3Pf— ftiD2 
z3HI— e3H4 
yiT>h-  A3D3 
z*~D°3— /iID2 

Z3PI-/3P0 

72.90 
72.06 
70.05 
66.54 
66.18 

30 
2 
2 
3 
6 

401.  45 
413.  20 
441.37 
490. 65 
495.  71 

z3HS— e'Hs 

Z3F3— 03P2 

j/3DI— g3P0 

Z3H|— /»F4 

65.62 
64.75 
62.73 
61.66 
61.36 

4 
3 

1  h 
3 

4 

503.  59 
515.83 
544.29 
559.  38 
563.  61 

1/iFI— iiDj 
Z3G3— <73F3 

ziFs3- /8G« 

49.61 
47.36 
44.70 
42.27 
40.15 

1 
4 
1 
1 
1 

730. 18 
762.  25 
800.  23 
834.  96 
865.  37 

tf3Df— 03Pl 

23F§-/iF3 
1/3F|— pOi 
ziGl—pGs 

Z3F2— 03Pj 

39.00 
36.66 
31.94 
31.52 
20.01 

5 
1 

8 
4 
7 

881.  87 

915.  48 

983. 47 

3,  7989.  54 

3, 8156.  42 

z3P|-/JPi 

ziF§-i73D3 

ylF|_/3p2 

23F5— /iFs 
23HJ— e3H5 

17.29 
16.32 
13.09 
10.34 
04.18 

1 

7  hi 
4 
150 
1 

196.  07 
210.  23 
257.46 
297.76 
388.35 

z3G°4— giQi 
zmi—PGi 
z3H5— e3H8 
o»So— £>Pi 
I/3Di— A3Di 

02.87 

01.79 

00.86 

2,  600.  33 

2,  596.  32 

1 
5 
2 
4 
3 

407.  66 
423.60 
437.  34 
445. 18 
504.  55 

z3Pi— fPx 
y3P!-/iS0 

23P5_/3P, 

zJDI— g3F2 

96.08 
92.87 
86.35 
82.96 
82.55 

20 

3h 
10 

8 

6 

508. 11 
555.  78 
652.  97 
703.  70 
709.  85 

z»GS— c3H< 
l/3Di— /i3D2 

Z3DI— /3P0 

j,3F3— ?3F3 

g>F5— /3Qj 

141809—32- 
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^air  i—  -A-. 

Inten- 
sity 
spark 

Temper- 
ature 
class 

%ao  cmJ 

Term  combi- 
nations 

Zeeman  effects 

Observed 

Computed 

80.82 

8  hi 

735.  79 

z»Fi— pG5 

77.92 

2 

779. 36 

Z3P2— PD2 

73.47 

2h 

846.  42 

66.09 

10  hi 

38,  958. 13 

z*Fl—pGt 

61.84 

201 

39,  022.  75 

f     ziD<r-03F3 
\     zWr-PTi 

60.37 

50 

045. 15 

yi-Fl—giFi 

58.99 

3 

066.  21 

ziF§— /3F3 

58.72 

2 

070.  33 

53.  41 

3h 

151.  57 

2/iPi— gi8o 

52.60 

7 

164.  00 

2/3F§— tf3F2 

52.36 

2 

167.  68 

2iPl— /ISo 

46.40 

20  hi 

259.  35 

Zsp§_/3p2 

42.40 

6 

321. 11 

Z3P2— UT>2 

41.60 

4 

333.  49 

ziF§— e3H4 

38.40 

2 

383.  07 

z'Gd— e3H6 

36.76 

3 

408.  53 

z3F4— e3H4 

34.98 

6 

436.  21 

z^Gl-pCn 

33.14 

15 

464.  84 

«3P2— JIPJ 

31.60 

8 

488.  84 

z3D§— «'ID2 

30.26 

1 

509.  76 

z3FS— PY2 

27.84 

3 

547.  58 

z'F§— PFi 

23.07 

5  hi 

622.  34 

2s  FI— P~Fi 

19.22 

50 

682. 89 

?/3F§ — 03p3 

15.79 

4 

736.  99 

Z8F5— /»Fj 

14.59 

3 

755.  95 

jfiF§— £3p2 

2,  501. 18 

15  hi 

969.  08 

Z3D3— f3P2 

2, 499.  69 

1 

39,  992.  91 

95.82 

2 

40,  054.  91 

94.90 

1 

069. 68 

87.59 

40 

187.  42 

J/3FI— 03F2 

83.00 

2hl 

261.  71 

ziFS— PQi 

79.85 

101 

312.  85 

yiFl—aiGi 

74.50 

3 

400.  00 

z3D2— PT2 

72.44 

10 

433.  65 

zmi—giFi 

71.90 

20 

442.49 

a3p0— jiPi 

71.06 

5 

456.  23 

Z3P§— <?3Pi 

70.55 

3 

464.  58 

Z3F§— /3F3 

68.11 

1 

504.  58 

58.15 

2 

668. 69 

X3FI— z3D3 

55.88 

10 

706.  28 

2/3F2— <73F3 

54.  30 

1 

732.  48 

23F§— e3H4 

52.73 

8 

758.  55 

Z»Pi— 08Po 

51.59 

2 

777.  50 

45.56 

10  h 

878.  04 

43.14 

2h 

918.  53 

y3D§ — i3T>3 

42.80 

3 

924.  22 

39.08 

2 

986.  63 

38.42 

10 

40,  997.  82 

23pj— gSp, 

38.02 

20 

41,  004.  45 

z'DS— ftiD2 

37.14 

10 

019.  26 

z3Po— 03Pl 

36.42 

15 

031.  37 

Z3P2°— </3P2 

31.40 

6h 

116.08 

24.53 

2h 

232.  58 

21.61 

5h 

282.  29 

z3P|— /l3D2 

20.01 

5  hi 

309.  58 

17.61 

3  h 

350.  59 

ys-pi— g'So 

12.08 

2  h 

445.  38 

z3P2— ft3D3 

10.10 

5  hi 

479. 43 

07.79 

5  hi 

519.  22 

04.65 

6 

573.  43 

z3P!__ ff3p2 

03.29 

7 

596.  96 

z3D5— ff3Pl 

2,  401. 46 

2  h 

628. 66 

2,  399.  64 

20  hi 

660.  22 

z^Gj— (73F4 

98.70 

3  h 

676.  55 

97.26 

7  hi 

701.  57 

z3Hl— g^Gt 
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Xair  I.  A. 

Inten- 
sity 
spark 

Temper- 
ature 
class 

"vac  Cm~l 

Term  combi- 
nations 

Zeeman  effects 

Observed 

Computed 

94.98 

4 

741.  27 

ZlT)°3— 03P2 

93.27 

2  h 

771. 10 

89.84 

3  hi 

831.  04 

88.96 

2 

846.  45 

86.26 

2 

893. 80 

84.28 

3  h 

41,  928.  58 

75.63 

2  h 

42.  0S1.  24 

zip?— giS0 

70.47 

2 

172.  84 

Z'6jJ?2— gi-pi 

69.18 

2 

195.  79 

65.  50 

3 

261.  43 

z*~D\—g*~Px 

58.02 

3  h 

395.  48 

56.10 

1  h 

430.  02 

55.81 

5  h 

435.  24 

53.40 

2 

478.  70 

53.03 

1 

485.  48 

ziFI— ff3F4 

51.93 

1 

505.  24 

48.86 

2 

560.  79 

z3F|— <73F4 

41.85 

4 

688. 18 

t/3Fg — jfciD2 

25.75 

20  hi 

42,  928.  29 

ziGS— g*Gi 

22.78 

3h 

43,  038.  62 

19.44 

20 

100.  59 

g3D2— rriPf 

17.82 

20  hi 

130.  71 

zi  D2— fiD2 

2,311.45 

1 

249.  56 

2,  293.  47 

2h 

588.  59 

92.32 

3 

610.  45 

ZlDS— f3P2 

80.94 

4h 

828.  01 

zmi—e^h 

76.06 

lh 

43,  921.  97 

65.53 

3 

44, 125.  90 

ziFS— A»Dj 

56.77 

50 

297.  36 

aiD2— ziDi 

30.74 

7 

44,  814.  20 

2/3FS— fiD2 

07.08 

1 

45,  294.  56 

7/3F°— /3po 

2,  202.  72 

1 

383.  38 

2iD5— g3P2 

2, 195.  91 

4 

524.  94 

z3F§— ftiD2 

90.67 

1 

633.  82 

ZlD|— A3DS 

87.87 

40 

45,  692.  22 

c3F2— xiPf 

63.66 

20  hi 

46,  203. 12 

61.36 

4 

252.  58 

2iF§— jiD2 

42.81 

20  hi 

46,  642.  94 

IV.  THE  SPECTRUM  OF  NEUTRAL  LANTHANUM  (La  i) 

As  in  Sc  and  Y,  the  normal  state  of  the  neutral  La  atom  is  repre- 
sented by  a  doublet-D  term  associated  with  the  electron  configura- 
tion ds2.  In  each  case,  the  next  lowest  energy  is  represented  by  a 
quartet-F  term  arising  from  d2s,  but  in  La  it  is  only  about  one-third 
as  high  as  in  Sc  or  Y.  The  remaining  metastable  low  terms  also  come 
from  d2s,  and  are  exactly  analogous  to  those  in  Sc  and  Y.  The  2G 
is  narrow  and  inverted  in  ail  three  spectra,  and  the  predicted  2S  has 
been  found  in  none.  The  odd  levels  are  very  numerous,  and  it  is 
difficult  to  group  them  into  terms.  Indeed,  parts  of  the  tangle  could 
not  have  been  unraveled  without  the  clues  obtained  from  the  new 
measurements  of  Zeeman  effects. 

The  triads  of  quartet  terms  obtained  by  the  addition  of  a  6p  electron 
to  the  3D,  3F,  and  3P  terms  of  La  n  can  be  securely  identified.  They 
all  lie  lower  than  the  corresponding  terms  of  Y  i.  Three  additional 
odd  quartet  terms,  ;r4F0,  y*Q°,  and  w4D°,  at  higher  levels  can  come 
only  from  the  addition  of  a  4/  electron  to  the  same  limits.  The 
doublet  terms  arising  from  the  addition  of  a  6p  electron  to  the  various 
limits  have  also  been  certainly  or  probably  identified  by  the  intensi- 
ties of  their  combinations  and  comparison  of  their  levels  with  Y  I. 
A  number  of  supernumerary  doublet  terms  must  also  arise  from  the 
4/  electron,  which  in  this  case  is  less  firmly  bound   than  the   Qp. 
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Many  of  the  numbered  odd  levels  which  have  not  been  grouped  into 
terms  are  probably  of  similar  origin.  The  high  terms,  10°  to  15°, 
probably  arise  from  electrons  of  higher  total  quantum  number. 

The  high  even  terms  give  much  less  conspicuous  combinations  in 
La  i  than  in  Sc  i  or  Y  i,  and  only  a  few  of  them  have  been  found — 
but  enough  to  give  the  ionization  potential.  The  unassigned  even 
levels  have  been  numbered  from  30  onward.  If  the  strong  bands  of 
LaO  in  the  yellow  and  red  could  be  eliminated  more  such  terms  could 
probably  be  identified,  and  some  fairly  strong  high  temperature  arc 
lines  classified. 

Table  5  gives  the  terms  of  the  La  i  spectrum  in  the  same  general 
form  as  Table  3  does  for  La  n.  The  configuration  from  which  each 
term  is  believed  to  arise  is  given  opposite  its  lowest  component.  For 
the  odd  terms,  the  probable  parent  terms  in  La  n  are  indicated. 

Table  5. — Relative  terms  in  the  La  I  spectrum 


Elec- 
tron 
config- 
uration 


ds* 
d*s 
d*s 
dH 

d*s 

dh 

d*s 
a*D.p 

a*D.p 

fl'D.p 
alD.p 
a'S.p 


Term 


a«Fin 

a4F2H 
a4F3>* 
a4F4H 

a<P^ 
a*Fw 
a<P2H 


a2F2yt 
a2F3H 


&2D2H 


a2P* 
a2PiH 


a!G4tf 

24Ffc 
z*F°2h 

zm* 

Z4D§^ 
z4DiH 

24D2H 

24Di« 

22L>2K 

22DIh 

Z2F°2X 

zm* 

22P°« 
22PlH 


Level 


0.00 
1,  053.  20 


2, 668.  20 
3,  010.  01 
3,  494.  58 
4, 121.  61 

7,  231.  36 
7,  490.  46 
7,  679.  94 


7,  011.  90 

8,  052. 15 


8,  446.  03 
9, 183.  77 


9,  044.  21 
9,  719.  44 


9, 919.  94 
9, 960. 96 

13,  260.  36 

13,  631.  08 

15,  019.  55 

16,  243.  25 

14,  095.  70 

14,  708. 96 

15,  503.  67 
16, 099.  28 

14, 804. 10 
15, 031.  65 

15, 196.  80 

16,  538.  44 

15,  219.  90 

16,  280.  20 


Level 

separa- 
tion 


1, 053. 20 


341. 81 
484.  57 
627.  03 


259. 10 
189.  48 


1,  040.  25 


737.  74 


675. 23 


-41.  02 


370.  72 
1, 388.  47 
1,  223.  70 


613.  26 
794.  71 
595.  61 


-227.  55 
1, 341.  64 
1, 060. 30 


Adapted 
weight 


0. 790      6 
1.203    14 


.411  20 

1. 032  11 

1.222  10 

1. 327  8 

2.706  10 

1.69  6 

1.54  4 


.90 
1.13 


1.29 


1.08 
1.21 


1.08 

.97 

.90 
1.19 


3H 
5 


.67        1 
1.32        2 


1.12        1 
.91        1 


Landfi 


0.800 
1.200 


.400 
1.029 
1.238 
1.333 

2.667 
1.733 
1.600 


.857 
1.143 


.800 
1.200 


.667 
1.333 


1.111 


1.029 
1.238 


1.200 
.800 

.857 
1.143 


Combinations 


z<F°,  2*D°,  z2D°,  22F°,  z2P°,  y2F°,  z*P< 
z*G°,  y2D°,  y2P°,  j/*F°,  x2F°,  z2G°,  ^D< 
3°.  i«D°,  «;2F°,  v*F°,  z*S°,  x2D°,  x4F< 
x2~P°,  y*F°,  y*G°,  w2F°,  u2F°,  t2F°,  w^D' 
i)!D°,   w*T>°,   6°,    7°,  8°,  *2F°,   9°,  r2F« 

U2T>°,  V2F°,  10°,  H°. 

z<F°,  z4D°,  z2D°,  z2F0,  z2P°,  y2F°,  z4P" 
z*G°,  y2~D°,  y2P°,  yiF°,  x2F°,  z2G°,  y*D' 
7°,  2°,  3°,  w2F°,  x*D°,  4°,  t>2F°,  z*S( 
x2T>°,  x*F°,  i2P°,  y*F°,  yiQ°,  y2Q°,  12< 
13°,  14°,  15°. 

z*P°,  y2F°,  z*G°,  y2D°,  x2F°,  z2S°,  x*T>{ 
3°,  4°,  w2F°,  z*S°,  i2D°,  x*F°,  y*F°,  x2F< 
w2T>°,  VF°,  w*D°,  »!D°,  6°,  7°,  8°,  s2F°,  9< 

y2F°,  z<G°,  z<P°.  y*D°,  y4F°.  x2F°,  z2Q' 
2/4D°,  1°,  2°,  «;2F°,  »2F°,  x2T>°,  z4F°,  x4D( 
v2F°,  y*F°,  yiQ°,  y2Q°,  w*F0,  u2F°,  t2F' 
w2~D°,  v2T>°,  w*T>°,  7°,  s2F°,  r2F°,  u2D' 
10°,  11°. 

'z<G°,  z4P°,  y2D°,  y2T°,  y*F°,  z2S°,  x4D« 
4°,  v2F°,  z4S°,  x2D°,  j4F°,  x2F°,  y*F° 
w2F°,  u2F°,  5°,  w2T>°,  t2F°,  »!D°,  w*T>° 

;    8°,  s2F°,  9°,  r2F°,  u2T>°. 

\y2D°,  y2P°,  y<F°,  ar2F°,  z2S°,  i<D°,  w2F°,  4° 
t>2F°,  x2D°,  x4F°,  x2P°,  y*F°,  w2F°,  5° 
[    to2D°,  w2F°,  p2D°,  u2~D°,  t>2P°. 

[y4F°,  x*F°,  z2G°,  y2Q°,  w2F°,  z2H°,  x4F° 
I/2G0,  u2F°,  y4G°,  w2~D°,  <2F°,  s2F°,  9° 
|    r2F°,  |/2H°. 


>a2T),  a4F,  31,  32,  35,  e*F,  e4D. 


\a2T>,  a*F,  31,  32,  33,  34,  e4F,  e4D. 


\a2D,  a4F,  31,  e2F. 
}a2D,  a*F,  c*D,  c2F. 
Vd,  a*F. 
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Table  5. — Relative  terms  in  the  La  i  spectrum — Continued 


Term 


f/2F5* 
I/2F& 

z4P°* 
z<P!m 

z*Gin 

24G§H 
24Gfo 

24G!x 
y2D!^ 

2/2P!h 
2/2P°* 

y4Ffo 
y4P2« 

y4Ft* 

i2F5h 
*2F3H 

22G§h 

22Gfo 

J/4D°h 
J/4D*H 
2/4P>!« 
y4"D§H 

2S« 

22S°« 
4i« 

x4Dzm 

X4D3>* 

ZC2F2H 
W2F§^ 

t>2F&(?) 
p2F&(?) 

z4S!h 
x2D!h 
i2D1h 

z4Ffo 
x4F!}i 

Z«FSm 

z<F2« 
z2Hfo 

22H1* 

i2P°}4 

*2Pi* 

31 

325H 

i/4P°K 

v4P!« 
1/4P5h 

y4G!^ 

I/4G§h 
J/4GIh 

y4G!« 


Level 


16,  856.  82 
17, 910. 18 

17, 567.  56 

17,  797. 30 
18, 157.  00 

17, 947. 16 

18,  603.  95 
19, 129.  34 
20, 117. 40 

18, 172.  39 

19. 379.  44 

20,  019.  00 
20, 197.  38 

20,  083.  02 
20,  338.  30 
20,  763.  31 
21, 384.  06 

20,  972.  22 

21,  662.  61 

21, 447.  92 

22,  285.  85 

22,  246.  64 
22, 439.  37 
22, 804.  26 
23, 303.  31 

23,  221. 16 
23, 466.  85 

23,  260.  90 
23, 549.  42 
24, 173. 86 

23, 528. 38 
23, 704.  76 

24,  046.  06 
25, 083.  42 

23, 875.  00 
24, 409.  70 

24,  507.  89 
25, 378. 46 

24,  639.  27 

24,  762.  62 

25,  218.  25 

24, 910.  39 
24, 984.  33 

25. 380.  33 
25, 997.  27 

25,  089.  50 
25, 874.  68 

25, 453.  92 
25, 950.  39 
25,  568. 49 
25, 881.  53 

25,  616. 90 
25,  643.  02 
26, 338.  90 

27,  022.  60 

27,  455.  34 

28,  089. 18 
28,  743.  21 


Level 

separa- 
tion 


•1, 053. 36 


229.74 
359.  70 


656.  79 
525.  39 
988.  06 

}l,  207. 05 

j-178. 38 

255.28 
425.  01 
620.  75 

690. 39 

837.93 


192.  73 
364.  89 
499.  05 


176. 38 

►  341.30 
1,037.36 

►  534.70 
\    870.57 

►  455.63 


73.94 
396.  00 
616.  94 


785. 18 


496.  47 


26.12 
695.88 


432.  74 
633. 84 
654.03 


Adapted 
weight 


0.83 
1.08 


1.20 


19 


94 


[2.29 
1.61 
[1.54 

'.57 

.99 

1.16 

1.29 


Lande 


0.857 
1.143 


1.600 

.571 

.984 

1.172 

1.273 

.800 
1.200 

1.333 
.667 

.400 
1.029 
1.238 
1.333 

.857 
1.143 


1.111 

.000 
1.200 
1.371 
1.429 

1.111 

2.000 


.000 
1.200 
1.371 
1.429 

.857 
1.143 

.857 
1.143 

2.000 

.800 

1.200 

.400 
1.029 
1.238 
1.  333 

.909 


.667 
1.333 


2.667 
1.733 
1.600 

.571 

.984 

1.172 

1.273 


Combinations 


}a2D,  a<F,  a2F,  a*P. 
L2D,  a<F,  a2F,  a*P,  62D. 

|a2D,  a*F,  a2F,  a*P,  62D,  e*F,  35. 

}a2D,  a<F,  a2F,  a«P,  62D,  a2P,  e*F. 
}a2D,  a*F,  62D,  a2P,  e*F. 

a2D,  a<F,  o2F,  a2P,  62D,  a2G,  e«F,  c2F. 

}a2D,  a«F,  a2F,  a<P,  a2P,  a2G,  e2F. 
}a2D,  a<F,  a2F,  a2G,  e2F. 

io2D,  a*F,  a2F. 

a4F,  a2F. 
a*F,  a2F,  a2G. 

a<P,  62D,  o2P. 

a*F,  a<P. 

a<F,  a*P,  62D,  a2P. 

|a2D,  a*F,  a2F,  o<P,  &2D,  a2P. 

Ja2D,  a<F,  a2F,  a*P,  a2P,  a2G. 

}a2D,  a*F,  o2F,  a^P,  62D,  a2P. 

a2D,  a*F,  a<P,  62D. 
}a2D,  a<F,  a2F,  a*P,  62D. 

|a2D,  a*F,  o2F,  a2G. 

}a*F,  a2G. 

}a2D,  a*F,  a*P,  62D,  a2P. 

22D°,  2<F°,  2*D°. 
22D°,  Z<D°,  2*F°. 

[a2D,  a<F,  a2F,  a'P,  62D,  a«P. 
la2D,  a*F,  a2F,  a2G. 
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Table  5. — Relative  terms  in  the  La  i  spectrum — Continued 


t  Vol.  9 


Elec- 
tron 
config- 
uration 


a^Q.p 


ftiD.p 
bW.p 


f 

&~D.p 
a3R/ 


tfF.s 

aiQ.p 

a*F.s 

a*D.s 
f 

tfP.p 
a*F.p 
aiQ.f 


Term 


y2Gly2 

w2Pfo 
u2F°2X 
u2Fly3 

tmy2 

VF\y% 

W2T>\y2 

w4Di^ 
W*D2X 

33 

34(?) 

e4Fi^ 
e^F2^ 
e4F3K 
c4F4h 

S2F^ 

s2F§^ 

92>4 

e2F2K 
e2F3K 

e4D3H 

r2F°2x 
r2F§K 

u2~D°m 
u*D°2i4 

v*~P°y3 

v2mx 

y2mx 

35 
10° 
11° 
12°(?) 
13° 
14° 
15° 


Level 


27, 132.  50 
27,  619.  69 

27,  225.  27 

27,  393.  00 

28,  039.  54 

27,  669.  38 

28,  543. 10 
27,  749.  05 

27,  968.  53 

28,  506.  39 

28,  893.  47 
29, 199.  53 

29,  502. 17 
29,  894.  91 

28,  971. 82 

29,  775.  57 
29,  461.  33 
29,  564.  92 
29,  936.  73 

30, 417.  47 
29,  594.  81 

29,  874.  89 

30,  354.  32 

31,  059.  69 
31,  923.  90 

30,  788.  40 
30,  964.  82 

30,  896.  88 

31, 119.  OS 
32, 108.  58 

31, 287. 65 

31,  477. 16 
32, 140.  60 

31, 751.  68 

32,  492.  80 

32,  290.  25 

33,  204.  20 

32,  410.  76 

32,  518. 12 

33,  286.  50 

36,  722.  38 

37,  731.  90 
39,  597.  58 

39,  631.  27 

40,  322.  45 
40,  343.  40 


Level 
separa- 
tion 


487. 19 

646.  54 
873.  72 

537. 86 


306.  06 
302.  64 
392.  74 


803.  75 


479.  43 
705.  37 
864.  21 


176.  42 


989.  50 


741. 12 
913.  95 
107.  36 


Adapted 
weight 


0.95 
1.12 

1.34 

.90 

1.13 


1.00 


.91 


0.00 
1.15 

1.29 

.94 
1.13 


1.54 
1.54 


1.18 

.82 
1.17 


1.26 

.93 
1.11 


1.18 
1.45 


Lande 


0.889 
1.111 

1.333 

.857 
1.143 

.857 
1.143 


.800 


0.000 
1.200 


1.429 


.800 
1.200 


1.143 


.857 
1.143 

.800 
1.200 


1.333 

.909 
1.091 


Combinations 


}a4F,  a2F,  a2G. 

a2D,  a2F,  62D,  a2P. 
}a2D,  a2F,  a2G. 

}a2D,  a2F,  a2G. 
62D,  a2P. 

}a2D,  a2F,  a4P,  62D,  a2P. 


>a2D,  a2F,  a4P,  62D. 


>a2D,  a2F,  a4P,  62D,  a2P. 

24D°. 

a2D,  a4P,  62D,  a2P. 
a2D,  a2F,  a4P. 

a2Di  a*Pi  62D. 

24D°. 


■24F°,  24D°,  2/4F°,  24GC 


ja2D, 
>a2D, 

a4P, 

a2F, 

&2D,  a2G 

a4P, 

&2D, 

a2G. 

]z2D° 

,  22F 

°,  y4F°,  22G°. 

z4F° 

24D 

o    22^°, 

}a2D, 

a2F, 

62D, 

a2G. 

}a2D, 

a2F, 

&2D, 

a2P. 

}a2D, 

&2D, 

a2P. 

}a2G. 

2<F° 

a2D, 
a2~D, 
a4F. 
a4F. 
a4F. 
a4F. 

,  z2F 
a2F. 
a2F. 

',  y2F°,  24G°. 

The  spectral  terms  and  combinations  for  La  i  are  represented 
diagrammatically  in  Figure  2,  which  may  be  compared  with  corre- 
sponding diagrams  for  Sc  i  and  Y  i  spectra  in  publications  already 
referred  to.25 

Complete  details  of  lines  regarded  as  characteristic  of  neutral 
lanthanum  atoms  are  given  in  Table  6,  the  arrangement  and  notation 
being  the  same  as  that  in  Table  4.  Here  again  the  Zeeman  patterns 
computed  from  the  adopted  g  values  are  almost  always  in  good 
agreement  with  observation. 


2«  See  footnotes  2  and  3,  p.  625. 
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Table  6. — The  arc  spectrum  of  lanthanum  (La  i) 


[  Vol.  9 


A  air  1.  A. 

Intensities,  tem- 
perature class 

J'  vac  CHI-1 

Term  combi- 
nation 

Zeeman  effects 

B.  S. 

K.  &  C. 

Observed 

Computed 

10, 952.  0 
10,  739.  66 
10,  612.  56 
10,  552.  41 
10,  522.  09 

1 

5 
10 

6 
10 

9, 128.  25 
9,  308.  73 
9, 420.  21 
9,  473.  91 
9,  501.  21 

a2P«— yWm 

b2T>2X—  Z*G°3X 

WT>iH—ziG°2x 

10,  483.  0 
61.69 
50.82 
23.  4 

10, 409'.  55 

2 

15 

20 

1 

3 

36.6 
56.07 
66.01 
9,  591.  2 
9,  603.  93 

10, 372. 4 
57.70 
49.08 
37.20 
32.40 

1 

20 

40 

3 

2 

38.4 

52.01 

60.05 

71.15 

75.64 

z4Ffo— 32 

a2PiH— V2^m 
z'Gsh— e2F2^ 

30.3 
10, 318.  2 
10,  294.  68 
85.64 
81.34 

1 

2 
10  d 

3 
10 

77.6 
9,  689.  0 
9,711.09 
21.52 
23.69 

y2Pfo-e«FiK 

&2DlH-Z*Pfo 

78.52 
74.85 
34.78 
23.76 
19.83 

3 

10 
2 
1 
3 

26.37 
29.84 
67.93 
78.46 
82.22 

&2DiK-y2DiH 
z<Dfo-32 

10, 209.  85 

10, 184.  60 

77.74 

54.74 

43.38 

2 
20 

6  h 
40 

2 

9, 791.  78 

9,  816.  06 

22.67 

44.92 

55.95 

J/4Ffo-e*FiK 

z2Gfo-e2F3j* 
a2F2H— y2^m 
2/2Pfo-e<Fi« 

41.20 

30.82 

10,  111.  9 

10, 083. 96 

66.77 

10 
5 

2  h 
2 
6 

58.06 

68.17 

9, 886.  6 

9, 914.  03 

30.95 

a2F3H-3/2F3H 

58.79 
54.82 
29.74 
14.45 
10,  005.  73 

2 
2 

2 

4 

50 

34.84 
42.76 
67.62 
82.84 
9,  991.  54 

9, 988. 47 
81.24 
80.38 
65.70 
32.72 

10 
6 

10 
3 
2 

10, 008.  80 
016.  05 
016.  91 
031.  67 
064.  98 

j/4F2H-e4F2^ 
z4D2«— 31 

20.82 

9, 911. 08 

9, 881. 24 

62.60 

52.58 

150 
3 

100 
3 
6 

077. 06 
085.  95 
117.  42 
136.  54 
146.85 

a4Pw— z*PH 

a4P2^— z4PIh 
a<F3H— z*~F2x 
x2F°2H~eiF2H 

48.70 
42.0 
33.30 
05.2 
9, 804.  20 

4 

2 

3h 

In 

2 

150.  84 
157.8 
166.  74 
195.9 
196.  92 

62D2H— V2~Dm 

• 

9,  775.  09 
72.24 
68.82 
37.09 
13.52 

8 

20 

3h 

100 

3 

227.  28 
230.26 
233.85 
267.  20 
292. 11 

aiP2H-V2MH 
a4P2H— z4G2h 

09.45 
9,  706. 48 
9, 699.  64 
96.7 
92.6 

10 

20 

20 

1 

2 

296.  42 
299.  57 
306.  84 
310.0 
314.3 

y^lx— e4F3H 
a2PiM-y2P?H 
a4PiH— z4Pi« 
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Table  6. — The  arc  spectrum  of  lanthanum  (La  i) — Continued 

A   a ir  J--  -A.. 

Intensities,  tem- 
perature class 

yTao  cm-1 

Term  combi- 
nation 

Zeeman  effects 

B.  S. 

K.  &  C. 

Observed 

Computed 

72.04 
46.47 
40.81 
33.72 
9,  631.  84 

8 
3 

30 

40 

2 

336.  25 
363.  65 
369.  73 
377.  36 
379.  38 

a2Q3x— y4FI« 

9, 570.  38 
60.69 
42.06 
41.23 

9,  528.  0 

5 

10 
50 
20 

lh 

446.  04 
456.  63 
477.  05 
477.  96 
492.5 

z2F!jh— e2F3H 
a4Pi^— z4G2H 
a4P2H— z4P2« 
a2PiH— V^m 
a4P2>s— y2T>lx 

9, 485. 15 
84.2 
76.98 
74.45 
67.25 

15 
1 
3 
5 
2 

539.  91 
541.0 
548.  99 
551. 81 
559. 84 

2/4FIji— e4F^ 

24F|^— 31 
a2F3«— z4Gs^ 

61.82 

57.62 

41.7 

38.30 

15.64 

60 

2 

1 

100 

3 

565.  89 
570.  59 
588.4 
592.  23 
617.  71 

a4P  h— 24PiH 
a4FiH— z4Ffo 

i 

9,  412.  65 

9,  398.  2 

90.56 

77.71 

76.10 

100 
1 
4 
3 
3 

621.  08 
637.4 
646.  07 
660.  66 
662.  49 

a4F2H— 24F2K 
z2QsH-e2F3H 

72.57 
28.87 
24.5 
9.  321. 9 
9, 293. 3 

30 
2 
1 

lh 
2h 

666.  51 
716.  47 
721.5 
724.5 
757.5 

a4Piji-z4P^ 

l/4F2^-e4F3« 
y4F2«-e2F3tf 

87.5 
54.70 
50.06 
26.63 
9,  219.  64 

lh 
10 
20 
30 
10 

764.2 
802. 36 
807.  78 
835.  22 
843. 44 

z2D5h-31 
a2G3x-ymx 

&2D2H-j/2Pfo 
a2G4H-y4F3>i 

9, 172.  88 
72.39 
57. 13 
51.62 
43.78 

5 

10 

10 

6 

5 

898.  71 

899.  30 
917. 46 
924.  03 
933.  40 

&2D2H-2/4Ffo 

a4P2H~z4G3H 
62Di^-y2D|H 

42.24 

19.18 

9, 109.  25 

9, 079. 10 

58.63 

6 
20 

2 
50 

2 

935.  24 

962. 89 

10, 974. 84 

11,  Oil.  29 

036. 17 

a2Dix-z*G°2x 
a4Fij4-z4FiK 
a2P«-y2P!^ 
a2G3H— x2¥°2H 
l/4FlH-e2F3^ 

56.53 

46.97 

25.05 

9,  008.  26 

1      8, 977.  39 

5 
2 
4 
6 
2 

038.  73 
050.  39 
077.23 
097.  88 
136.04 

a2pH_j,4F|H 

aSFsfc-z'Gfo 
x2Ffo-e2F3K 

- 

70.07 
65.41 
63.63 
57.74 
48.89 

3 

2 

10 

50 

2 

145. 13 
150.  92 
153. 13 
160.  47 
171.  50 

a^-z'Pjj* 

a2p^_j,2pgM 

a2F2K-J/2DiK 

47.95 

8,-917.  70 

8, 891.  06 

84.24 

79.56 

1 

lh 

1 

2 

3 

172.  68 
210.  58 
244.17 
252.  80 
258.  73 

o2Pi^— x2Fiyi 

75.05 
71.00 
67.35 
39.64 
25.86 

2 

4 

3 

20 

50 

264.45 
269.  60 
274.24 
309.57 
327.23 

a4F3ji— z2T>°2x 
a2F3yi-V2£>°2K 
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\  air  ■!■■  A. 

Intensities,  tem- 
perature class 

V  rao  Cm-1 

Term  combi- 
nation 

Zeeman  effects 

B.  S. 

K.  &  C. 

Observed 

Computed 

21.66 

8, 818.  96 

8,  797.  6 

72.02 

67.92 

1  h 
20 

2  h 
1 

4 

332.  62 
336. 10 
363.6 
396.  76 
402.  07 

t 

60.4 
48.42 
24.12 
20.42 
8, 703. 13 

1 
50 

1 
20 

5 

411.9 
427.  50 
459.  33 
464. 19 
486.  97 

a4FiH-z4Do^ 
a2Gs^-z2G°3yi 

8, 674. 40 
72.10 
38.4 
24.22 

8, 621. 55 

60 

30 

10 

6 

2 

525.  01 
528.07 
573.0 
592.  07 
595.  66 

a4F3K-z4F3^ 
a2GiH-z2Gly2 

a2F2K-z4G^ 

8, 590. 97 
58.9 
45.44 
43.46 
29.68 

6 
1 

50 

20 

3 

636.  94 
680.5 
698.  94 
701.  65 
720.  55 

WDm-ytFtx 

J/2D2H-C4F3^ 

aiF2x-zi~D\y2 
a^G3^-x2Flya 

13.55 
8, 507. 37 
8, 476. 48 

67.62 
8,440.06 

15 
10 
30 
15 
3 

742.  76 
751.29 
794. 12 
806. 45 
845.  01 

a.iGix-xi'Flx 
&2r>iH-2/2Po>4 
a4F2^— z2D2^ 
ziGlx-eiFix 

8, 379. 80 
58.50 
46.60 
34.44 
24.72 

20 

2  h 
100 

3 
100 

12,  III 
15,  III 

930. 18 

960.  59 

977.  64 

11,995.11 

12,  009. 12 

z4GSk— e4F§^ 
a4F^— z4D§^ 
a*F3y2 — z4D2^ 

24.59 

16.05 

8, 302. 82 

8,  247.  46 

37.90 

HNR 
10 

4 
60 

3 

1,  III  A 

2,  IV  A 

10,  III 

009.  30 
021.  64 
040.  80 
121.  62 
135.  68 

aiF2y2— z4F§^ 
a4F2^— z2D°y2 
a4Fij^— z*T>iy2 
a4F4^— z4F|^ 
a4Fi>$— z2Di,4 

11.65 

8,  203. 38 

8,  086. 10 

84.53 

51.38 

2 
3 

20+ M 

3 

10 

15,  III 
10,  III 

174.  48 
186.  75 
363.  50 
365.  92 
416.  82 

a4F2>$— z2F\% 
a*Fiy—  Z2~D\y2 
a2Giy—z2G\y2 
a4F4^— z2Fs^ 

8. 001. 91 
7, 964. 86 
48.30 
7, 931. 18 
7, 864. 98 

4 
5 
HNR 
1 
1 

4,  III  A 
6,111 
10,  III 

493.  58 
551.  70 
577.  85 
605.  00 
711. 10 

a4F2H— z4I>2^ 
a4Fw— z2P5^ 
a2~D2y—zmy3 
a4F3)4—  z4D3^ 
a2F3^— y^lx 

7, 841. 76 
7, 737.  74 
7,  664.  38 
7, 539.  24 
33.64 

3 

1  h 

4 

10 

2 

?III 
15,11 

748.  74 

12,  920. 12 

13,  043.  78 
260.  29 
270.14 

a4F3H— z4Fl^ 
a2F3^— z2F2^ 
a4F3^— z2F\y2 
a2DiH— z4F?>^ 
a4F2^— z2Fxy2 

7, 501. 78 
7,  498. 82 
7,  463.  08 
7, 382. 73 
79.71 

1 
2 

5 
6 

5,  III  A 
10,  III 

5,  III  A 
10,  III  A 

326.  50 
331.  76 
395.  61 
541.  40 
546.  94 

a2F2y2—yiF°2y2 
a2F3^— 2/4FI^ 
a2F3y2—  z2G\x 
a2Pi^— 22S°^ 
a2G4^— y2G\y2 

45.36 
44.42 
34.18 
20.90 
7, 308. 46 

25 

HNR 

50 

2 

2  h 

20,  III  A 
2,  III  A 
60,11 

610.  30 
612.  03 
631.  04 
655.  77 
679.  01 

a2F3^— x2F§k 
a4Fw— z2Pf^ 
a*Diy— z*F°2X 
a2D2^— z4Dl>i 

(0.42)  1.18  ? 
(O.OOw)  1.30  w 

(0.39)  1.06 
(0.00)1.30    i 

7, 285. 83 
70.30 
70.07 
63.68 
62.83 

1 
HNR 
HNR 

2 

2 

5,  II A 
10,  III 

721.  50 

750.  81 

751.  24 
763.  34 
764. 95 

a2D2x—z2T>2X 
a2F2^— ytFlx 
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A  air  1.  -A.. 

Intensities,  tem- 
perature class 

v  vao  Cm-1 

Term  combi- 
nation 

1 

Zeeman  effects 

B.  S. 

K.  &  C. 

Observed 

Computed 

50.38 

19.92 

7,  217. 16 

7, 161.  25 

58.11 

1 
15 

2 
40 
30 

15,  II A 

50,  III 
50,  III  A 

788.  59 
846.  76 
852.  06 
960.  20 
966.  32 

a^ix— y2Fly3 
a^Yiy— y2Fli4 

a2F2y—X2F°2y3 
a2D2^— z4F§>* 

(0.00)  0.91 
(0.00)  1.27 

(0.00)  0.90 
(0.00)  1.22 

51.92 

7, 149.  76 

7,  098. 18 

92.40 

76.36 

HNR 

2 

2 
HNR 

3 

1,  III  A 
2,111 

2,  I  A 
3,111 

978.  42 

13,  982.  63 

14,  084.  24 
095.  72 
127.  67 

a2D2>$— z2T>ly3 

68.37 

62.4 

45.96 

32.07 
23.67 

60 
In 
200 

25 
150 

100,  II 

300,  II 

15,  III 
150,  .III 

143.  64 
155.6 
188.  62 

216.  65 
233.66 

a2PiH-w2F2^ 
aiF1A~y2F22y3 

a2P^  -22Sok 
a2F3>*— z2G\y3 

(0.69)? 

(0. 21,  0.  65)  1.  04,  1. 47 

(0.  60)  1.  27 
(0.  00)  1. 16 

(0.  66)  1.  05 

(0.21,  0.62)  0.20,0.63 
1.  04,  1. 46 

(0.  60)  1.  27 
(0.  00)  1. 16 

7, 013. 15 

6,  978.  09 

76.87 

35.03 

25.27 

2 

2 

2 

50 

80 

3,111 

50,  III 

100,  III 

255.  00 
326.  62 
329. 13 
415.  58 
435.  90 

z*  D°3y3- e*F2X 
ai?iy3-x*D°2X  . 

a4F3^-2/2F§^ 
a2F2H— z2Gly2 

(0.  48)  1. 14 
(0.00W)  1.58  A  J 

(0.  41)  1. 15 
(0.  00)  1.  53  A2 

18.33 

17.26 

03.08 

6,  902.  08 

6, 889.  63 

8 
10 
2 
3 
2h 

8,  III  A 
10,  III  A 

1,  III  A 

1,111 
tr,  V 

450.  38 
452.  61 
482.  30 
484.  40 
489.  54 

arD-2}4—zi'D?i}4 
a*F3^-z*G2« 

a^F^  —  Z^Gzy 

a2~Pya—xi~Dly2 
a2Gix-w2Flx 

98.41 

40 
5d 
1 

tr,  V 
15,  II  A 
3n,  V 

In,  V? 

492. 10 
650.  56 
655. 47 
660.  57 
666.  70 

(0.  00)  1.15 

23.80 

21.51 

19.14 

6,  816.  29 

a2F2y3-x2Fsy3 
a2Fy—x^D\y3 

(0.00)  1.12 

6,  796.  73 
83.55 
78.19 
76.69 
60.73 

4 
1 
1 
1 
HNR 

4,  II  A 

tr,  IV  A 

tr,  V 

1,  III  A 

1,  III  A 

708.  90 
737. 48 
749.  14 
752.  40 
787.  23 

a2Dly3-Z*T)\y3 

z2Fly2-e*T>3X 

240i^-33 

aiF2y~ziPlx 

60.23 
53.05 
48.12 
41.20 
37.29 

1 
40 

10 
2 
1 

50,  I  A 
10,  II  A 

788.  32 
804.  04 
814.  86 
830.  07 
838.  67 

a2F1H-v2F°2y3 
a2DiH— z2D°2x 
b2Diy3~z2S°0y3 

(0.00  w)  1.51  A2 

(0.00)  1.51  A* 

15.96 

6,  709.  49 

6,  699.  86 

99.26 

92.86 

150 

3 

2 

20 

1,  IVA? 
200,  I 

4,  III  A 

2,  III? 
30,  I  A 

885.  80 
900. 16 

921.  57 

922.  91 
14,  937. 18 

24D  f^—34 
<HF2y~  y2F\y3 

a4F2^— z4G2><j 

(0.00)  1.18 
(0.00)  1.06 

(0.00)  1.14 
(0.09)  1.05 

64.45 
61.40 
58.06 
50.81 
45.15 

1 
60 

1 
80 

7 

80,  I  A 

100,  I  A 
8,  IV 

15,  000.  85 
007.  72 
015.  25 
031.  62 
044.  42 

a4F^-24G^ 

a^H-y^cy, 

a2T>iiA — z2~D\y3 

zt'F\y3—ei1j'iyi 

(0.65)  1.23  B? 
(0.  00  w)  0.  88 

(0.66)  1.24 
(0.  25)  0.  88 

44.40 

31.20 

28.4 

16.59 

12.48 

30 
3 
1 

60 
3 

40,  I  A 

3,  V? 
1,  IVA 
80,1 

046. 12 
076.  07 
082.4 
109.  36 
118.  75 

a2T>2ki~ziD°3H 

62D,H— z4Dfo 
a*F3H— 24GIh 

(0.  59)  1. 12  B 

(0.  47)  1. 14 

08.25 

07.7 

6,  600. 17 

6,  599.  48 

93.45 

40 

1 

25 

40 

40,  II 
3,  IV 
50,  II  A 
tr,  IV  A 
60,  I 

128.  43 
129.7 
146.  95 
148.  53 
162.  39 

a2Gzy2—z2mx 
a2?y3-i°w 
aiF2j4—ziF°2}4 

a*F2X-y2D°m 

(0.00)  1.01 

(0.  35)  1.  12 

(0.  00  w)  1.  30  A2 

(0.  00)  1.  00 

(0.  37)  1. 12 
(0.  00)  1.  33  A2 

90.59 
82.18 
78.51 
68.54 
65.45 

1 

4 

200 

1 

40 

6,  IV 
400,  I 

40,  I  A 

168.  97 
188.  35 
196.  82 
219.  89 
227.05  | 

a2Fzy—Uy3 

Z*T>lyt—eiT}iy2 

a2T>ix-z2F2y3 

02T)\y3—Z2~?ly2 

a2T>2X—z2F\x 

(O.OOh)  1.41 
(0.  00)  1.  00 

(0.  00)  0.  98 
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A  air  -*-•  -A.. 

Intensities,  tem- 
perature class 

v  vac  Cm-1 

Term  combi- 
nation 

Zeeman 

effects 

B.  S. 

K.  &C. 

Observed 

Computed 

55.95 

3,  III  A 

249. 12 

55.11 

2 

1,  v 

251.  07 

a2F3^— y4  Vva 

51.78 

1 

258.  82 

&2Dih— W\x 

49.16 

2 

2  n,  III? 

264.  92 

a2Pi^-i4F2H 

43.17 

300 

500,  I 

278.  90 

a4Fi«—  ziGlx 

(0.33,0.99)  0.00,  0.74, 
1. 41,  2. 07 

(0.33,0.99)  0.08,  0.75, 
1. 40,  2. 06 

23.86 

2 

2,  III  A? 

324. 12 

62D2^—  v^Ffe 

20.70 

15 

20,  IV 

331.  55 

(0.00  h)  1.10  h 

19.30 

3 

4,  IV 

334.  84 

z4F!h— e^Yiyi 

1 

17.35 

1 

339.  43 

s'GjJi— 35 

6,  506. 25 

4 

6,  IV 

365.  59 

z*D^— 33 

6, 492. 86 

4 

5,  V 

397.  29 

85.54 

20 

20,  II  A 

414.  66 

a2F3^— 2Sh 

(0.00)  1.10 

(0.00)  1.10 

80.20 

1 

427.  37 

a2F2^— f/4£>iH 

68.44 

10 

8,  II  A 

455.  42 

o2D2H—  z4Sfo 

55.99 

250 

300,1 

485.  22 

a2D2^— z2F§h 

(0.00)  1.18 

(0.00)  1.15 

54.50 

150 

200,1 

488.  80 

a4FiH— z4P!k 

(0.38,    1.11)  0.80,  1.54, 
2.26 

(0.39,1.18)    0.02,   0.81, 
159,  2. 38 

50.34 

6 

8,  II  A 

498.  78 

o*Pih— x2~Dlx 

(0.00)  1.29 

(0.00)  1.20 

49.94 

3 

499.  74 

48.25 

4 

10?,  II  A 

503.  81 

a*Diy—z*~D°2y2 

48.10 

20 

50?,  II  A 

504. 17 

a4FiH— y2Dlx 

26.60 

2 

556.  04 

z4D!h— e4F3H 

20.90 

1 

569.  85 

ziFly—e^FzH 

17.23 

2 

3,  III?  A 

578.  85 

b^y—xWiH 

6, 410.  98 

200 

300,1 

593.  94 

a4F2H— z4G§^ 

(0.00)  1.09 

(0.00)  1.10 

6, 394.  23 

400 

600,1 

634.  79 

a4F3^— z'QIh 

(0.00  W)  1.02  Ai 

(0.00)  0.90  Ai 

80.48 

1 

1,  v 

668.  48 

75.50 

2 

680.  72 

ziYlx—e^Fix 

75.11 

2 

2,  V 

681.  68 

60.20 

30 

30,11 

718.  44 

rfFy— z2Dih 

(0. 00)  0. 89 

(0. 00)  0. 93 

56.38 

3 

4,  III  A 

727.  88 

£>2Di>£— Lfo 

53.63 

1 

734.  69 

a2PiH— x2?m 

39.16 

2 

2,  III  A 

770.  61 

o4Pih— z2Soh 

33.74 

3 

2,  IV? 

784.  10 

z4D2^— e4D3j4 

33.24 

2 

2,  III? 

785.  35 

30.42 

3 

2,  III  A 

792.  38 

a*F2y3—Vi~D2X 

25.90 

100 

150,1 

803.  67 

a2D2H— y2F°2y2 

(0.  63,  0. 99)  0.  25,  0.  63, 
1.01,   1.38,    1.76 

(0.19,  0.56,0.94)0.27, 
0.64,   1.01,  1.39,  1.77 

18.26 

5 

12,  III  A 

822.  78 

a2Fs}4 — w^FIh 

10.13 

8 

12,  IV 

843. 16 

08.87 

2 

2,  III 

846.  32 

6, 308.  21 

2 

3,111 

847.  98 

6, 293.  57 

60 

'  80,  II  A 

884.  85 

a4F3^— y2T)°2y2 

(0.00)  1.33 

(0.00)  1.26 

88.56 

6 

7,  III  A 

897.  50 

o2Pih— y4P§H 

87.73 

7 

8,  III  A 

899.  60 

62D2^— x*rj°m 

78.31 

1 

923.  46 

aiPiy—yiFiy; 

66.00 

40 

60,  III 

954.  74 

a*Gix—  z2FHy, 

(0.00)  1.06 

(0.00)  1.06 

49.92 

300 

500,1 

15, 995.  79 

a4F4H— z4Gk 

(0.00)  1.13 

(0.00)  1.14 

38.58 

12 

15,  III  A 

16,  024.  86 

a4P2>4— z4DI« 

36.76 

7 

10,  III  A 

029.  54 

a4Pn— z2Soh 

36.17 

8 

12,  IV 

031.  06 

34.85 

10 

15,  III  A 

034.  45 

b*T)2\i—xiT>2x 

(0.00)  1.26 

(0.09)  1.27 

33.51 

10 

1,5,  III  A 

037. 90 

a4PiH— x4D6^ 

32.56 

1 

040.34 

z4FIh— «4F3^ 

25.33 

2h 

058.  97 

a4Pi^— 3ij* 

24.24 

1 

061.  78 

&2Dih— P2F2tf 

19.46 

2 

2,V 

074. 13 

18.19 

5 

7,111 

077.  41 

a2G4>*— x4F?^ 

14.35 

2 

087.  34 

z2Dfo— e2F2>* 

6,  206.  76 

2 

107.  02 

6, 173.  74 

1,IV  A 

193. 17 

&2Dik-z4SIh 

67.69 

2 

209.05 

a2F2^—  \l}4 
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r^  air  -*••  -A-. 

Intensities,  tem- 
perature class 

v  vao  Cm-1 

Term  combi- 
nation 

Zeeman  effects 

B.  S. 

K.  &  C. 

Observed 

Computed 

65.69 

30 

40,11 

214. 31 

o4Pih— x4Dfo 

(0.88)  0.87,  1.43,1.99 

(0.27,0.81)  0.88,1.42, 
1.96 

65.02 
54.55 
46.53 
45.29 

3 
1 

10 
3 

2,  IV 

5,  IV 
3,111 

216.  07 
243.  66 
264.  85 
268. 13 

24F§m— e4D3^ 

42.98 
41.  71 
36.48 
34.39 
27.04 

10 
3 
2 

20 

8 

10,  III 

2,  II  A 
30,  III 
12,  III  A 

274.  25 
277.  61 
291.  49 
297.  04 
316.  59 

g*Pm— z4D§h 
&2DiK-z2Dfo 

(0.00)  1.15 
(1.34)  1.37 

(1.35)  1.35 

23.75 
21.27 
20.34 
11.71 
08.47 

2 

20 
40 

2,  IV 

1,IV 

1,IV 

30,11 

60,11 

325.  36 
331.  97 
334.  45 
357.  52 
366. 19 

z<Fih-34 
a2F3H—  w2F3H 
a*F2X—xiT)2X 

(0.  00)  1. 17 
(0. 53)  1. 34B 

(0. 12)  1. 15 

(-,0.48,0.80)  -,1.06, 
1.38,  1.  70,  - 

6, 107.  26 

6, 092.  22 

88.00 
84.86 
75.24 

4 

2 

2 
5 

12,  II  A 

1,  III  A 

In,  IV 
8,111 
1,  III  A 

369.  43 

409.  85 

421.  22 
429.  69 
455.  71 

a*F2H—yiD2M 
(  tfFx—xmK 
\z4DI«-c2F2}4 

02Ff^-35 
aiFzx—vZFfc 

74.01 

72.04 

68.70 

44.8 

41.6 

3 
3 

20 
2 
2 

1,  III  A 
4,  III  A 

30,  III 

2,  III  A 
2,111 

459.04 
464. 38 
473.  44 
538.  6  ' 
547.3 

WD2x-ylFix 

62DiH— x*F\h 

a4PH— x<Dfo 

WVm— x*F°2H 

(0.  75)  0.40, 1. 90 

(0.  77)  0.38,  1. 93 

38.57 

34.5 

32.38 

31.46 

25.09 

20 
2h 
5 
5 
2p? 

25,  III  A 
3,V 

3n,  IV? 
1,IV? 

555.  64 
566.8 
572.  63 
575. 15 
592.  68 

a4PiK~z4I>2« 
a2P«— y4Poj« 

17.16 

6,  007. 34 

5,  992.  35 

82.34 

75.75 

3 
50 

3 
10 
10 

1,  III  A 
50,  III  A 

2,  III  A 
5,  III  A 

3,  III  A 

614.  54 
641.  70 
683.  33 
711.  25 
729.68 

z4Ffo— «4Fi^ 
a*Fix— ytFlx 
a^Fiy— 4?^ 
a*Fix-~y^T>2H 
aiFiy2 — wiFlx 

(0.  00  w)  1.  77  A2 

(0. 00)  1. 85  A2 

70.58 
62.30 
62.59 
60.59 
40.83 

HNR 
3 
4 
4 
3 

1,  III  A 
1,111 
1,  III  A 
3,  III  A 
1,  III  A 

744. 16 
758.98 
766.  60 
772.  23 
828.01 

a2D2^-z4PiH 

&2D2H— *2Pfo 
62D1H— X2D°2H 
a*F2x— viFfc 

35.29 
30.68 
30.61 
28.48 
17.64 

20 

100 

200 

5 

20 

15,  II  A 

Uoo,  I 

4,  III  A 
15,  II  A 

843.  72 

/      856. 81 

\      857. 01 

863.  07 

893.  96 

a*F3x—y*F2x 
aJDi^— ym* 
tfDix— y^Flx 
a2F2H— w2FI^ 
a2Dw— ziQ°2^ 

(0.00  w)  1.72  A* 
(0.00)  0.87 
(0.27)  1.10  b 

(0.00)  1.76  A2 
(0.00)  0.86 
(0.26)  1.14 

(0.29)  1.13 

04.28 

5, 900.  75 

5, 894. 84 

77.96 

77.62 

4 

3 

20 

3 

4 

2,  III  A 
1,  III  A 
8,  III  A 

1,  III  A 

2,  III  A 

932.  20 

942.  31 

16, 959.  30 

17,  008.  00 

008. 98 

amx—x*F°2X 
a^Fx—ilx 

a4P2H— 24S!j4 
a2Sn— m>2D!h 

a4F2^— y2Flx 

(0.00)  1.25 

(0.00)  1.16 

74.72 
69.93 
57.44 
55.57 
52.26 

8 
2 
2 
20 
6 

8,  III  A 

1,  III  A 

15,  II  A 

2,  III  A 

017.  38 
031.  27 
067.  58 
073.  03 
082.  69 

aiFiy—v*Flx 
aiFzy—xiDlx 

a4F2^— y4Ffo 
o4P2k— z2Dfo 

(0.00  w)  1.42  A3 

(0.00)  1.41  A2 

48.37 
45.02 
39.77 
29.71 
27.56 

15 

10 

3 

20 

8 

8,  III  A 
6,  III  A 
2,11  A 
10,  III  A 
3,  III  A 

094.  05 
103.  85 
119.  23 
148.  77 
155. 10 

24Ffo— e4F2^ 
aJD2H— z4PIh 
a*T)2x— j/2DJh 
a4PiH— z4SIh 
&2D2h— j/4P2« 

(0.00)  0.90 
(0.00)  1.18 

(0. 00)  1.  75 
(0.59)  1.50  ? 

(0.00)  1.20 

(0. 17)  1. 75 
(0.55)  1.42 
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Intensities,  tem- 
perature class 

Term  combi- 

Zeeman 

effects 

X  air  I.  A. 

V  vac  Cm-1 

nation 

B.  S. 

K.  &  C. 

Observed 

Computed 

23.82 

15 

10,111  A 

166. 11 

a?F%y— x2T>W2 

(0.00  w)  0.96  h 

(0.00)  0.98 

21.98 

30 

30,  III 

171.  54 

c2G3h— VlG%y2 

(0.00)  0.93 

(0.12)  0.93 

13.44 

2 

1,  III  A 

196.  76 

VT>iy—ymy2 

5,  802. 10 

2 

1,  III  A 

230.  37 

a^Fly— x^F\y2 

5,  791.  32 

200 

400,1 

262.  45 

a^F^—y^Fly, 

(0. 00  w)  1. 31  B 

(0. 18)  1. 30 

89.22 

150 

250,1 

268.  71 

a4F3^— y.^zy* 

(0. 15)  1.  21 

(0. 12)  1. 20 

69.97 

25 

25,  III  A 

326.  32 

a2F3>* — v2Fly2 

J    69. 32 

80 

80,1 

328.  27 

aiF2yi—yiF°2y2 

(0.  00)  1.  01 

(0.  04)  1.  02 

61.83 

50 

60,1 

350.  80 

c^Fik— y2?\y2 

(0.  94)  0. 00, 0.  68, 1.  34 

(0.  32,  0. 96)  0.  09, 0. 73, 

1.37 

44.41 

60 

80,  III 

403.  41 

a4P2M — &Fj\y2 

(0.  00  w)  1.  24 

(0.  00)  1.  25 

42.93 

4 

2,  III  A 

407.  90 

a4P  y,— 24SI^ 

40.65 

80 

100,1 

414.  81 

a4Fi^— y^\y3 

(0.  47)  0. 59  B    . 

(0.18,0.55)  0.33,0. 

0.96 

34.93 

6 

5,  III  A 

432. 18 

a2Gzy2— u2F°2}4 

(0.  00)  0.  92 

(0.  00)  0.  92 

20.01 

10 

10,  III  A 

477.  65 

a^Fi^—x2Fly2 

(0. 16, 0.  48, 0.  81)  1. 93  A2 

(0. 16, 0.  48,  0. 80) 
2.03 

1.70, 

14.55 

1,  III  A 

494.  35 

a2G3>$— 2/4G^ 

14.01 

4 

5,  III  A 

496.  00 

a*F2H— »2FIh 

(0.  62)  ? 

(0. 66)  1. 05 

10.85 

2p? 

2,111 

505.  68 

a^iy—wmy, 

03.32 

20 

10,  III 

528.  80 

c^w-^Pw 

02.57 

2,111 

531. 10 

a^iy—X^Dly, 

5,  701. 15 

1,111 

535.  47 

atQiy— y4G§^ 

5,  699.  32 

3 

5,111 

541. 10 

0«F4H— «*FIh 

96.18 

30 

40,1 

550.  77 

d~T>2y2—  24G1^ 

(0.00  w)  0.80  Ai 

(0.00)  0.70  Ai 

61.34 

2 

1,  III  A 

658.  78 

a*Giy2-y2GhA 

57.71 

30 

50,11 

670. 10 

a4Fi^— y4FhA 

(0.29,  0.88)   0.73,   1.33, 
1.94 

(0.29,  0.89)  0.12, 
1.30,  1.90 

0.71, 

56.54 

2 

1,  III  A 

673.  76 

a2Pi^— zt2FI>4 

54.8 

20 

3,  III  A 

679.2 

a4Pj^— :r4Fi>s 

48.24 

50 

80,  III 

699.  73 

a2G4^— y2G°4'A 

(0.00)  1.12 

(0.00)  1.12 

39.31 

8 

5,  III  A 

727.  76 

aiFiy2—Xi~Dlyi 

32.02 

15 

25,11 

750.  70 

a2F2K-T2Di^ 

(0.00)  0.93 

(0.00)  0.92 

5,  631.  22 

60 

100,1 

753.  22 

a4F2K-^F3^ 

(0.00  W)  1.45  A2 

(0.00)  1.55  A2 

5,  598.  52 

3 

856.  92 

(0.00)  0.49 

88.  33 

100 

20,11 

889.  48 

a4F3H— V^F\y2 

70.37 

3 

5,  II  A 

947.  16 

a'rD\yt—z'-(jlyi 

68.45 

30 

50,11 

953.  35 

a4F3H— 22G^ 

(0.44)  1.16 

(0.41)  1.15 

65.70 

10 

20,11 

962.  22 

tfFzy— x2F\y2 

65.43 

10 

20,  III 

963.  09 

a4P2^— 2/4PiH 

(0.00)  1.52 

(0.00)  1.49 

62.54 

2 

2,111 

17,  972.  42 

a2F23.<;— r'Flj^ 

44.90 

3 

6,111 

18,  029.  60 

a^y-Sflx 

(0.28)  1.47 

(0.35)  1.44 

41.  25 

15 

20,  III 

041.  47 

WD2y-wmy> 

(0.00)  1.25 

(0.00)  1.25 

32.17 

4 

3,111 

071.  08 

aiF2yi-x<D2y3 

29.86 

2 

3,111 

078.  63 

a2Gzy2-u2Fly2 

26.  51 

i,v 

089.  59 

z2F2y2~35 

17.34 

20 

30,  III 

119.  66 

a2Gvy2—  u?Flx 

(0.00)  1.10 

(0.00)  1.10 

15.28 

5 

10,  III 

126.  42 

a^Viy—yiFlA 

(0.25)  1.42 

(0.30)  1.39,  2.00 

07.33 

2,111 

152.  59 

a4Pi^-Z/4Pi34 

06.00 

20 

40,11 

156.  97 

a2r>iH-z4P2°^ 

(0.00  w)  1.54  h 

(0.00)  1.50 

03.80 

40 

80,  III 

164.  23 

a4F^— z2G^ 

(0.70)  1.22  B 

(0.69)  1.23 

02.66 

5 

10,  III 

168.  00 

aiFSy2—xmy2 

02.24 

3 

4,111 

169.  38 

a2Giy2—y^G.\y2 

5,  510.  34 

200 

300,1 

172. 35 

a*Diy2—y2T)ly3 

(0.00)  0. 80 

(0.  06)  0.  81 

5, 498.  70 

2 

2n, III 

181.  08 

a2P  y2—w2F\y3 

91.07 

5 

8,111 

206.  34 

a2F2y2-xrD\y2 

75.17 

10 

15,  III 

259.  21 

(0. 00)  1.  08 

66.91 

2 

3,111 

286.  80 

a2F3y2  -|/4P|^ 

55.14 

200 

400,1 

326.  25 

a2D2y2  —  y2T>ly2 

(0.  00)  1.  20 

(0.  02)  1.  20 

37.55 

2 

5,111 

385.  54 

a4P  y2—y4~P°0y2 

(0.  00)  2.  54 

(0.  21)  2.  50 

29.86 

6 

15,  III 

411.  57 

a4P  M—y^ix 

(0.  49)  1.  04 

(0.  55)  1. 06, 2. 15 

22.10 

3,  III  A 

437.  93 

&F%m— z2Glys 

5, 415.  67 

4 

8,111 

459.  82 

a4Pi^— z4PIh 

(0.  36)  1.  56  w 

(0.  39)  1.  56 

5, 390.  63 

? 

1 

545.  56 

a2Giyr-w2Dlyt 
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X  air  I.  A. 

Intensities,  tem- 
perature class 

Cvac  Cm-1 

Term  combi- 
nation 

Zeeman 

effects 

B.  S. 

K.  &  C. 

Observed 

Computed 

80.00 
65.87 
59.70 
57.85 
30.64 

3 

4 

2 

25 

1 

5,111 
8,111 
2,  III  A 
60,  III 

582.  21 
631.14 
652.  59 
659.  03 
754.  27 

a»F2K-»4Pfa 

(0.  00)  1.  53 

(0.  00)  1. 54 

23.56 
21.34 
20.14 
07.52 
5,  304.  01 

3 
1 
3 
3 
20 

3,111 

3,111 

3,111 

30,  III 

779.  22 
787.  04 
791.  28 
835.  96 
848.  43 

b2T>vy2-w2F\y2 
a*Piv—wz~D°2y2 
a*F3x—z2Gly2* 

5, 287. 45 
76.40 
71.18 
57.83 
53.45 

1 
5 

100 
4 

100 

ltV 

10,  III 
150,1 
3,  III 

100,1 

907.  46 
947.  06 

18,  965.  82 

19,  013.  98 
029.  83 

b2~D\y2 — w2~F2x 
a2T>2y—ymy2 

(0.00)  0.90 
(0.00)  1.39  A2 
(0.00)  1.07 

(0.23,  0.69)  0.57,  1.03, 
1.49,  1.95 

(0.00)  0.90. 
(0.00)  1.44  A2 

(0.21,  0.63)    0.57 
1.41,  1.83. 

0.99 

40.81 

39.54 

34.27 

5,  211.  85 

5, 190.  34 

4 

4 

150 

150 

8 

2,111 
4,111 
300, II 
300,  II 

075.  72 
080.  35 
099.  56 
187.  72 
261.  21 

g2F3h— 1/2G°sy2 

a.t'Fiy—llx 

atFix—yi'Dfa 

(0.00  W)  2. 10  A2 
(0.00  W)  1.73  A2 

(0.00)  2.10  A2. 
(0.00)  1.71  A2. 

83.91 
79.11 
77.30 
68.95 
67.79 

10 

2 

150 

2 

20 

20,11 
2,111 
300, II 

20,  III 

285. 10 
302.  98 
309.  72 
340. 92 
345.  26 

a2T)2]4—yi~F2y. 
b2~Diy2— 5I>$ 
a4F3^— 2/4D^ 
a2F^—u2F2j4 
a4F4^— 21^ 

(0.00)  1.07 

(0.00)  1.06. 

64.03 
61.54 
58.68 

2 
40 

1,  V? 
80,1 

359.  34 
368.  68 
379.  42 

b2T>2y—t2Fly2 
a2~Dix-y2T>°2y2 

(0. 19,  0.  57)  1. 05,  1. 45, 
1.85 

(0. 00)  0. 89 

(0.20,    0.60)    — , 
1. 38,  1. 78 

(0. 00)  0. 90) 

0.98, 

52.31 
45.42 

1 
100 

200,  II 

403.  38 
429. 36 

a2Fsy2—yiGly2 
aiF2H—Vi'Dli4 

39.16 
35.42 
34.37 
29.81 
20.87 

3 
3 

2 

3 

10 

2,V 
10,  III 

453.  03 
467.  20 
471. 18 
488.  48 
522.  51 

b2~Diy—w2D°ix 

(0.  00)  0. 92 

(0. 03)  0. 90 

09.12 

06.23 

5, 103. 11 

5,  096.  59 

86.22 

3 
100 
3 
2 
2 

2,  III  A 
150,  II 
2,111 
1,IV? 

567.  40 
578.  48 
590.  45 
615.  51 
655.  50 

a2F3y—y2Gly2 
a4FiH— y^Do^ 

z^Flyr-  35 

(0. 19)  0.  62  A2? 

(0. 19)  0.  22,  0. 60 

79.37 
78.92 
72.10 
67.90 
56.46 

4 

3 

3 

15 

60 

5,  IV 

2,V? 

1,  III  A 
15,  III 
80,11 

682.  01 

683.  76 
710.  22 
726.  56 
771. 18 

a2'D2y2—yiFly2 
a*F3^— ±°m 
tf~F\y2—y^F)\y2 

(1.20)0.00,  0.79,1.57 

(0. 39,  1. 19)  0.  02, 
1.60 

(-,   -,   0.79)   -, 

1. 19,  1.  51,  — 
(0.  00)  1.  22 

0.81, 

52.10 
50.57 

46.87 
37.60 
33.24 

1 
60 

30 
2 
2 

80,11 
60,  III 

788.  25 
794.  24 

808.  75 
845.  20 
862.40 

b2T>2x-v2T>\K 
aiF2y2—yiD°2X 

a4F3^—  y4JL>3^ 
a2Fi^—  6oh 

(0. 80)  1. 18  B 
(0.  00  w)  1. 24 

0.88, 

19.50 

5,  001.  78 

4,  995.  95 

94.64 

93.87 

10 

20 

1 

2 

15 

8,111 
10,  III  A 

1,  III  A 
20,11 

916.  76 

19,  987.  32 

20,  010.  64 
015.  90 
018.  98 

a2FzK—w2Fly2 

a2F2x—yiG°2y2 
b2F)2y2  -wtDlx 

a2Dix  -y2?ly2 

84.92 
84.63 
83.56 
77.95 

68.59 

3 
1 
2 
8 

4d 

2,1V? 
8,  II  A 

4IIA} 

054.  92 
056.  09 
060.  40 
083.  01 

120.  84 

&Fzy2  -Six 
a2Fiy2  -V2T>2X 
b2T>ix—w2D°2X 
a2T>iy2-y*Fm 

a2Fv4—y2G°3 
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Table  6. — The  arc  spectrum  of  lanthanum  (La  1) — Continued 


A  air  ■*-.  A. 

Intensities,  tem- 
perature class 

v  vao  Cm-1 

Term  combi- 
nation 

Zee  man 

effects 

B.  S. 

K.  &C. 

Observed 

Computed 

64.84 
57.77 
49.76 
45.84 
25.40 

3 
4 
50 
3 
3 

4,  III  A 

200,  I 

5,  III  A 
2,  IV 

136.  03 
164.  75 
197. 38 
213.  39 
297. 27 

a4Fi^—  jKDIh 
a2F2H—  w2PItf 

(0.  00)  0. 84 

(0. 00)  0. 84 

16.62 

05.13 

4,  901.  87 

4, 894.  24 

87.60 

3 
4 
15 
2 
4 

1,  III?  A 
4,  III  A 
25,1 
1,  III 
5,111 

333.  52 
381. 15 
394.  70 
426. 49 
454.24 

aJF2j$—  u2F\x 
a2F3H—  w2T>2M 

(0.  00)  0. 94 

(0.  00)  0. 92 

86.82 
81.94 
78.86 
70.56 
68.90 

3 
1 
10 
5 
3 

2,  IV 

15,  III 
5,111 
2,1V? 

457.  51 
477.  96 
490.  89 
525.  81 
532.  80 

a<PiH— w2TjIh 
aiFm—VFlH 
62Dih— »«Dih 

(0.00)  1.10  R 

(0.18)  1.10 

67.37 
54.95 
50.81 
39.51 
17.55 

3 

8 

20 
20 

3 

8,111 
20,1 
25,11 

539.  26 
591.  80 
609.  37 
657.  49 
751.  66 

a4F2H— 32H 
62D2h— v2~Dlx 
a2D2^— x2F§h 

C2F2H— t2F°2X 

(0.00)  1.21  R 
(0.00)  0.89 

(0.35)  1.21 
(0.04)  0.89 

17.17 

4, 800. 24 

4,  799.  99 

92.46 

91.77 

10 
9 
8 
1 
1 

4,  IV? 
8,111 
8,111 
tr,  III  A 

753.  29 

826.  49 

827.  57 
860.  30 
863. 30 

b2T>2yi— 7fo 
a4P2>$ — wiDfc 
a*GjK— *sFjx 
a*Fi^— j<Doh 

a<p2x— tmH 

91.39 
79.89 
75.14 
70.43 
67.80 

5 
4 
3 

10 
lh 

5,11 

4,11 

2,V 

15,11 

864. 96 
915. 16 
935.  96 
956.  63 
968. 19 

a4F2>i— w2Flyi 
a4F3>$ — w2Flx 
a2G^ — 95h 
a2F2^— w2D\x 
a*Fm—zmix 

(0.00)  0.93  R 

(0.00)  0.89 

66.89 
59.71 
57.14 
56.97 
53.11 

60 
2 
3 

2 

100,1 
2,1V? 
2,  IV 

i,v 

1,1V 

20, 972. 19 

21,  003.  83 

015. 18 

015.  93 

032. 99 

a2G3H— s2F3^ 
a4Pi>i — wtDlx 

(0.00)  0.99 

(0.00)  0.98 

52.41 
50.41 
33.82 
29.09 

23.72 

3 
10 

8 
1 
2 

3,111 

15,  III 

4,  V? 

i,v 

3,11 

036.  09 
044.95 
118.  70 
139.  82 
163.  85 

a4F2H— z*D2^ 
a2GiH— smx 
62Dih-6ok 

a4F2H— 4ij4 

(0.00)  1.04  R 

(0.00)  1.02 

14.14 

08.18 

02.64 

4, 700.  26 

4, 695.  30 

4 
8 
8 
8 
3 

5,1 
8,  III? 
10,1 
8,  III? 

206.  86 
233.71 
258.72 
269.  48 
291.  95 

a<FiH—  w2Flx 
a4F4«— x*Flx 
a*P2H—  p2D!h 

(0.00)  0.97  R 

(0.00)  1.15 

60.70 
53.90 
52.07 
50.32 
48.64 

8 

4 

15 

12 

30 

8,111 

20,1 
15,  I 
40,1 

450.  02 
481.  36 
489.  81 
497.  90 
505.  67 

a2FsH—  w4D2H 
a4PiH-^DiH 
a4F3>*-:r4F2M 
a4F2H— »2F2H 
a*Fiyi— 41x 

(0.00)  0.92  R 

(0.30)  1.13 
(0.48) 

(0.00)  0.92 

(0.37)  1.12 
(0.15,  0.46)  0.26, 
0.87 

0.57, 

46.33 
43.11 
27.35 
15.06 
05.08 

10 
5 
2 
8 
6 

12,  III 
5,111 

15,  III 
10,  III 

516.36 
531.28 
604.  61 
662. 14 
709.09 

a2GjH  -r2F2M 
a2Ftx  -t2Flx 
b2D2y—smx 
a4P^  —  w^oh 
a4Pi^-tt)<Di^ 

(0.00)  0.89  R 
(1.31)  1.37  R 

(0.00)  0.95 
(1.35)  1.35 

04.24 

4, 602.  04 

4, 596. 19 

89.89 

81.20 

6 

10 

6 

5 

10 

10,  III 
20,  III 
10,1 

12,  III 

713. 05 
723.  43 
751.  08 
780.  93 
822.  25 

b2"D  2X—92M 
a2F3K-v2C°2M 
a2T>2X— 2/4t>2K 
b2T>2X  -s2F§h 
ai~P2x—wi'D2}4 

70.02 
67.90 
64.85 
52.47 
50.76 

60 

50 

6 

8 
8 

250,1 
200,1 

12,  III 
8,11  A 

10,  III  A 

875.  63 
885.  78 
900.41 
959.  96 
968.  21 

a4F4K— z4FS« 
a4F3H— z4F3>i 
a4F2tf  -x4Ffo 
a2F2)4-v2'D'ix 
a4P*$  —wiD\^ 

(0.00)  1.34 
(0.00)  1.24 
(0.00)  1.42  R 
(0.  00)  0.  87 
(0.  78)  0. 38  R 

(0.11)  1.34 

(0.02)  1.23 

(0.15,0  45)  1.18,1.48 

(0.  00)  0. 87 

(0.77)0.38,1.93 
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Table  6. — The  arc  spectrum  of  lanthanum  (La  i) — Continued 


A  air  J-.  -A.. 

Intensities,  tem- 
perature class 

Cvao  Cm-1 

Term  combi- 
nation 

Zeeman 

effects 

B.  S. 

K.  &  C. 

Observed 

Computed 

50.16 
49.50 
41.78 
37.57 
28.88 

4 

40 

10 

2 

3 

5,  III  A 
50,1 
15,  III 

971. 11 

21,  974.  30 

22,  Oil.  65 
032.  07 
074.  34 

a4Fi^— 24Sfo 
a4F2^— o^F^ 
a4Pi^— w^Dfe 
a2Fm-u2T)\^ 
a4PiH—  6o>* 

(0.  00)  1.  08 

(0. 17)  1.  07 

07.4 
01.57 
4, 500.  21 

4, 499.  04 
94.71 

2 

6 

30 

10 
20 

10,  II  A 
40,11 

10,  III 
30,1 

179.5 
208.  26 
214.  97 

220.  75 
242. 16 

a2GZH-r2Flx 
a4F2H— x^Tjfa 
aSViyr-  w4D3H 

a*Gix— r2Fly2 
a4Fi^— 24Ffo 

(0.  00  w)  1. 10  Ai 

(0. 00)  1.  02 

(0.51)     0.27,0.58,0.91 
us 

(0.12,0.37-)  0.67, 
0. 92, 1. 17-,  -,  - 

(0.  00)  1. 02 

(0.16,0.47)   0.26,0.57, 
0.88 

93.81 
93.11 
91.76 
86.06 
79.82 

5 
15 
10 
10 

6 

10, 1  A 
25,1 
15,  III 
20,  III 
15,  II  A 

246.  61 
250.  08 
256.  76 
285.04 
316.  08 

a*Diy3  -y4D§^ 
a^T>2y2—  J/4D§^ 
a4P2>$  —  T\y3 
a4Pi^-^D^ 
a4FiH— z4F2^ 

(0.  00)  0.  72  R 
(0.  00)  1. 16 
(0.  00)  1.  52 

(0.  38)  0.  42, 1. 17 

(0.  04)  1.  21 
(0.  00)  1.  54 

74.54 
68.97 
55.21 
53.85 
52.15 

4 

10 

3 

15 

5,  III  A 
25,11 
10,  II  A 

2,  IV  A 
30,11 

342.  42 
370.  26 
439.  35 
446.20 
449.  78 

&2Dl^-s2F2^ 

a4F2H-a:4F3^ 
o2Di^— j/4DIh 
a4Pi^-7i^ 
a2G3yi-ymiy2 

(0.00)  0.98 

(0.00)  0.97 

45.12 
43.94 
42.68 
23.90 
17.14 

2 
5 
6 
20 
2 

2,  III  A 
10,1 
12,11 
30,11 
6n,  III 

490.  29 
496.  26 
502.  64 
598. 16 
632.  75 

a2F2^— w4D2K 
a2D2j4— 3iK 
a4F3^-z4FI^ 
a2Giyj-ymix 
a4F2^-2/4PI^ 

(0.00)  1.09 

(0.00)  1.09 

13.45 

03.02 

4, 402.  64 

4,397.04 

96.79 

2 
5 

2,  III  A 
8,  III  A 
15,  III 
2,  IV  A 
4,  IV  A 

651.67 
705. 33 
707.  29 

736.  21 

737.  50 

a2D2y3-x*T>lx 
a^x-riy, 

a2F3^-s2F2^ 
a4P2^-8i« 

(0.00)  0.86 

(0.00)  0.86 

96.31 
93.52 
89.87 
80.55 
60.86 

2 

6 
4 
2 

2,  IV 

4,111 
15,  III 
12,  II  A 

2,  III  A 

739.  98 
754.  42 
773.  34 
821.  79 
924.  84 

a2PiK-«2D2^ 
a2T>2K—w2F2}i 
a*F2x-7lx 

(0.00)  1.07 

(0.00)  1.06 

60.49 
57.88 
54.79 
40.72 
39.93 

2 

2 

20 

10 

5 

2,  III  A 
2,  III  A 

25,  III 

15,  III 
6,  III  A 

926.  78 
940.  51 

22,  956.  79 

23,  031.  20 
035. 39 

a4Pi^-8?>* 
a4F2K-z2Pfo 
b*T>iH-rmyi 
62DiH-r2F^ 

(0.00)  0.90 

(0.00)  0.87 

26.19 

11.73 

06.00 

4, 300.  62 

4,  291.  00 

2 
5 
6 
HNR 
2 

4,  III  A 
6,  II  A 
3 

108.  55 
186.  05 
216.  90 
245.94 
298.  06 

a4P2^-s2F2fc; 

«4Pk-8!m 
a4P2W—  92>£ 
a2P^— v2F°m 
a4Pi*i— s2F2>$ 

(0.59)  0.96  R 
(0. 14)  1. 49 

(0.58)  0.96,  2.12 
(0. 20)  1.  50 

89.65 
89.01 
80.27 
71.14 
67.74 

HNR 

HNR 

60 

4 

2 

1 

2 

100,1 

305.  39 
308.  87 
356.  46 
406.  39 
425.04 

b*Dix-u*Dly2 
62E)2H-M2D2^ 
a2D2^—  w2Flj4 
a4Pi^—  9°2X 
a2F3ji-r2F2H 

(0. 00)  1. 14 

(0. 00)  1. 13 

62.35 

56.92 

38.59 

4, 216.  54 

4, 192.  72 

10 

6 

4 

4 

HNR 

15,  II  A 
6,  III  A 
10,  III  A 

2 

454.66 
484.  58 
586. 13 
709.  47 
844. 17 

a2~D2X—  v2F°2yi 
a*FiH~v2Fix 
a2T>2ya-ziSlyi 
a2D2^— x2D\x 
b2VlH-vmx 

(0.  00  w)  1. 19 
(0.  00)  1. 29  R 

(0.  00)  1.  20 
(0.  08)  1.  29 

87.31 
77.48 
72.32 
71.13 
63.31 

50 

15 

6 

5 

5 

125,1 
30,1 

10,  III  A 
8,  III  A 
8,  III  A 

874.  98 

931. 15 

960.  75 

23,  967.  58 

24.012.60 

a2Di^-^2F2^ 
a2jJ2^-z4F2^ 
a4F3^-2/4G3>i 
(HFix-yiGlx 
aiFix—yiGfc 

(0.  00  w)  1. 16  A2 
(0.  00)  1.  50  (?) 

(0.  00)  1. 16  A2 
(0.  20)  1. 16 

60.26 
57.52 

20 
6 

30,1 
10,  II  A 

030.  21 
046.04 

a2T)2x—xi~Dlyt 
a*T>ix-xiT>bA 

(0.  00  w)  1.  65.w 

(0.  00)  1.  67 

141809—32- 
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Table  6. — The  arc  spectrum  of  lanthanum  (La  i) — Continued 


Intensities,  tem- 
perature class 

v  Vao  Cm-1 

Term  combi- 
nation 

T           -   -            ■ 

Zeeman  effects 

B.  S. 

K.  &  0. 

Observed 

Computed 

50.24 
44.36 
43.92 

2 
4 
5 

12,  III  A 

088.  22 
122.  40 
124.  96 

a<Fm— V2Glx 

37.05 
17.67 
09.80 
09.48 
4, 104. 87 

20 
8 

10 
6 

30 

40,1 
20,  III 
20,  I  A 
15,  II  A 
60,  I 

165.  02 
278.  75 
325.  24 
327. 14 
354.  46 

a2'Dvi—x2'Dly3 

a2D2H— »2Fsh 
a2D2>s— xm* 
a4FiH— 2/4G2^ 

(0. 00)  1. 22 
(0.  00)  0. 93 
(0.  00)  1.  04 
(0.  00)  1.  26 

(0.08,  0.25)  0.53,0.69, 
0.85ur 

(0.  09)  1. 23 

(0.  00)  1. 04 
(0.  00)  1. 22 

(0. 07,  0. 23)  0. 34,  0.  49, 
0.  64,  0. 80 

4, 090.  40 
89.61 
79.17 
65.58 
64.79 

2 
25 
20 
15 
25 

50,1 
40,1 
30,11 
50,11 

440.  61 
445.33 
507.  90 
589.  82 
594.  60 

a4F2H— 2/4G§^ 
a2DiH— »»F§k 
a2D?H— y^ix 
a4F3H— I/4Gi^ 

(0. 00)  0. 93 

(0. 00  w)  1. 03  Ai 

(0.  00)  0. 94 
(0. 00)  0. 94  Ai 

60.33 
40.97 
37.21 
15.39 

4, 001. 38 

30 

2 

25 

25 

2 

60,11 

50,1 
50,1 

621.  61 
739.  57 
762.  61 
897. 17 

24, 984. 34 

g4F4^— y4Gly3 
a2F2y— u^Dix 
a^~DvA—x'i'Dlyi 

02D2M— X2P2H 
c2Dih— Z4F2^ 

(0. 00  w)  1. 10  Ai 

(0.  00)  0. 86 

(0.10,  0.31)0.90,  1.10, 
1. 30,  1. 48  ur 

(0.  00)  1. 12  Ai 

(0. 13)  0. 84 

(0. 10,  0.30)  0. 90,  1. 10, 
1. 30,  1.  51 

3, 953. 67 
27.56 
3, 902.  57 
3,898.60 
3, 895. 65 

10 
30 

5 

8 

40,11 
80,1 
20,11 
40,11 
8?,  IV 

25,  285.  83 

453.  92 

616.91 

25,  642.  99 

25,  662.  42 

a2D2K— 2/4Psh 
a2DiH— z2Po« 
a2Di^— y*Y°m 
o2Dih— y*Ylx 

(0.  00)  0. 76 

(0.  00)  0.  76 

3,  714. 30 

3, 704. 54 

3, 699.  57 

72.02 

49.55 

2 

10 

4 

8 

10 

40,11 
12,  II  A 
30,11 
40,11 

26,  915.  34 

26,  986.  25 

27,  022.  51 
225.  24 
392.  86 

a2T>2x—w2~Dix 

a2D2H— «2F§h 
a2Di^— y4Q2y3 
a2DiH— w2Pi^ 
a2DiH— «2F2H 

(0.00)  1.08 
(0.00)  1.00 

(0. 00)£1. 04 
1(0. 00)  0. 98 

41.53 

36.67 

3, 613. 08 

3, 574. 43 

3, 514.  07 

20? 

6 
10 
20 

6 

100,  II 
40,  III 
30,11 
50,11 
20,  II  A 

453. 19 
489. 88 
669.  36 

27,  968.  53 

28,  448. 92 

a2D2H— w2E>2H 
a2D2H— PFlx 
a2DiH— t2F°2X 
a2DiH— w2Dih 
a2D2>$ — wiDZx 

(0.00)  0.97 
(0.00)  0.83 

(0. 00)  0.  90 
(0.17)  0.85 

3, 480. 61 

61.18 

50.65 

3, 404. 53 

3, 388. 61 

3 
10 

5 
10 

6 

8,  III  A 
25,  III  A 
12, III  A 
15,  III  A 
12,  II  A 

722.  40 
883.  64 

28,  971.  78 

29,  364.  24 
502. 18 

aXDiyr-  v2T>lx 
a2D2H— 7imj 
a2Di>r-  y2Dfo 
a2D2H~  81h 
a2Diyr-  w^lx 

81.42 
68.36 
64.88 
62.04 
57.50 

3 

2 
7 
5 

15,  II  A 

12,  III  A 
7,  III  A 

564.  92 
679.  54 
710.  24 
735.  33 
775.  54 

a2Di>$ — 6034 
a2F3H— H° 
a*¥zy— 10° 
a2D2H— s2F2^ 
a2Diy,—vz~D°2X 

49.82 

3, 342.  23 

3, 256.  60 

47.06 

35.66 

2 
10 
2 
5 
3 

3,  III  A 
20,  II  A 

8,  II  A 
5,  III  A 

843.  80 
29, 911.  57 
30,  698.  05 

788.  24 
30, 896.  71 

a2T)2}4 — 91^ 
a2D2H— sm* 

a2DiH— s2F^ 
a2"Di^-92>i 

(0.00)  1.08 

(0.00)  1.14 

3, 215. 81 

3, 179.  78 

75.99 

48.51 

3, 109.  42 

10 

4 
8 
4 
8 

15,  II  A 
8,  III  A 

15,  II  A 
4,  III  A 

12,  II  A 

31, 087. 42 

439.  65 

477. 17 

31,  751.  89 

32, 151.  04 

a2D2^-r2F3H 

a2D24-it2D2>$ 

a2DiH-r2F2H 

a2Di^-«2D^ 

a2D2^-fl2Pfo 

(0.00)  1.13 

(0.00)  1.14 

3, 096.  02 

10.78 

3, 001. 41 

2, 992. 99 

09.65 

8 
4 
2 
2 
2 

10,  II  A 
2,  IV  A 

32,  290. 19 

33,  204. 34 
307.  99 

33, 401.  69 
34, 358.  36 

atDiy-viVlK 
a2DiH-02Pi>* 

2,904.62 

2, 817. 46 

2, 794. 03 

66.46 

61.66 

1 
2 
4 
4 

7 

34,417.85 
35, 482.  54 
35,  780.  07 
36, 136.  62 
200.74 

a*F4K-14° 

Russell  ] 
Meggers] 
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Table  6. — The  arc  spectrum  of  lanthanum  (La  i) — Continued 


X  air  I.  A. 

Intensities,  tem- 
perature class 

V  vac  Cm-1 

Term  combi- 
nation 

Zeeman  effects 

B.  S. 

K.  &  C. 

Observed 

Computed 

59.54 
56.57 
49.52 
39.25 
37.49 

4 
2 
2 
4 
3 

227.  24 
266.  27 
359.  25 
495.  56 
519.  03 

30.15 
29.85 
25.57 
22.31 
17.33 

2 

5 

15 

6 

2 

617.  20 
621.  22 
678.  73 
722.  65 
789.  90 

a*Fiy— 13° 

a.i~D2x— H° 
a2D  1^—10° 

15.77 

14.52 

10.69 

2,  707.  07 

2,  684. 11 

3 

8 
4 
3 
6 

811.  08 
828.  03 
880.  06 

36,  929.  38 

37,  245.  25 

a«F3K— 14° 
a4F  i^—120 

• 

77.77 
71.91 
53.48 
47. 13 

2 
2 
2 
2 

333.  43 
415.  30 
675. 16 
765.  53 

a*F2>*— 15° 
o*Fim— 15° 

V.  IONIZATION  POTENTIALS  OF  LANTHANUM  ATOMS 

The  first  two  members  of  series  have  been  identified  in  the  spectra 
of  lanthanum  in  all  three  degrees  of  ionization,  and  the  ionization 
potentials  for  three  different  lanthanum  atoms,  La,  La+,  La++,  may 
thus  be  deduced  spectroscopically  from  extrapolation  of  the  series 
to  their  limits. 

To  use  the  Rydberg  formula  is  equivalent  to  assuming  that  the 
denominator  n*  changes  by  exactly  1  from  one  term  to  the  next 
in  a  series.  In  those  spectra  for  which  long  series  and  accurate 
limits  are  available,  the  change  An*  between  the  first  and  second 
members  is  usually  somewhat  greater  and  it  appears  to  be  preferable 
to  assume  that  the  value  for  lanthanum  is  comparable  with  that  for 
similar  spectra.  For  example,  in  the  1 -electron  spectra  we  find  the 
following  values  of  An*  for  the  s  electron: 


Ki 

Can 

Rbi 

Sr  ii 

Csi 

Ban 

1.031 

1.033 

1.040 

1.042 

1.050 

1.052 

We  may  therefore  assume  An*  =  1.050  for  La  in.  The  terms  62S 
and  72S  then  give  a  limit  at  154,630  (above  the  lowest  level  2D13^) 
with  n*  =  2.6462,  3.6962.  This  corresponds  to  an  ionization  potential 
of  19.07  volts  which  is  the  lowest  known  value  for  a  third  ionization. 
Badami 26  from  his  analysis  of  this  spectrum  derived  20.4  volts  for 
the  ionization  potential  of  La++. 

26  J.  S.  Badami,  Proc.  Phys.  Soc.  London,  vol.  43,  p.  53,  1931. 
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For  2-electron  spectra  we  find  for  the  3S  and  3D  terms  due  to 
" running"  s  and  d  electrons: 


Term 

3S 

3D 

Spectrum 

Cai 

Sri 

Bai 

Cai 

Sri 

Bai 

An* 

1.040 

1.042 

1.045 

1.135 

1.181 

1.289 

The  *S  and  *D  series  in  the  alkaline  earths  are  too  much  perturbed  27 
to  be  of  use.  We  therefore  assume  that  in  La  n  An*  =  1.05  for  a  run- 
ning s  electron;  that  is,  for  the  terms  a3D,  jPD,  and  alD,flD,  with 
limit  52D  in  La  in,  and  1.15  for  a  running  d  electron  (a3D,  A,3D  with 
limit  62S).  The  resulting  values  of  n*  (referred  to  the  proper  limit 
for  each  component)  and  of  the  difference  between  the  lowest  level 
in  La  n  (&3F2)  and  La  in  (52Di^)  are  as  follows : 


Term 

3Dl 

3D2 

3D3 

U>1 

3Dl 

3D2 

3D3 

n* 

/  2,  2232 

\  3,2732 

90, 704 

2,  2333 

3,  2833 
90,  600 

2,  2206 

3,  2706 
90,  664 

2, 1826 
3,  2326 
91,  924 

2,  0384 
3, 1884 
93,  944 

2,  0453 
3, 1953 
93, 924 

2, 0518 
3,  2018 
93, 916 

Limit _.  .  . 

The  mean  of  these  seven  values  is  92,240,  which  corresponds  to  an 
ionization  potential  of  11.38  volts  for  La+. 

Finally,  for  La  i,  we  have  the  terms  a4F,  e4F  and  a2F,  e2F  with  a 
running  s  electron  and  limit  a3F  of  La  n.  With  limit  a3D  we  have 
only  a2T>  and  64D,  but  these  terms,  though  of  different  multiplicity, 
may  still  be  used.28  The  first  comes  from  the  configuration  5d  6s2, 
the  second  from  bd  6s  7s.  Dropping  the  5d  electron  we  obtain  the 
lowest  *S  and  3S  terms  in  Ba  i.  For  these  and  the  corresponding 
terms  in  Ca  i  and  Sr  i  we  have  the  values  of  n*. 


Spectrum 


7l*(13) 
7l*(3S) 

An*... 


Cai 


1.442 
2.484 
1.042 


Sri 


1.545 
2.548 
1.003 


Bai 


1.616 
2.629 
1.013 


We  may,  therefore,  adopt  An*  =  1.010  in  this  case  while  in  the  others 
we  use  1.060.     We  then  find 


Term 

a*T>2y3 
e4I>3K 

a*Fm 
d*Fm 

a<F2H 
e4F2>4 

a*F3K 
e*F3x 

a2F2^ 
<?2F2H 

a2FsH 
e2F3j* 

n* . 

f  1.5221 

I  2.  5321 

45, 145 

1. 6033 
2. 6633 
45,  337 

1.  6000 

2.  6600 
45,  856 

1.  5948 
2. 6548 
45,  606 

1.  5892 
2. 6492 
45,  583 

1. 6829 
2.  7429 
44, 721 

1.  6855 
2. 7455 
44,687 

Limit  ._    -.  _     

The  mean  is  45,293  for  the  interval  from  a2Diy2  (La  i)  to  a3F2  (La  n). 
This  corresponds  to  an  ionization  potential  of  5.59  volts. 

A  change  of  +0.01  in  An*  alters  the  computed  limits  on  the  average 
by  —152  or  —0.019  volts.     The  average  discordance  of  the  seven 


27  A.  G.  Shenstone  and  H.  N.  Russell,  Phys.  Rev.,  vol.  39,  p.  415,  1932. 

28  We  owe  this  suggestion  to  Prof.  A.  G.  Shenstone. 
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determinations  from  the  mean  is  ±334  or  ±0.041  volts.  We,  there- 
fore, adopt  5.59  ±0.03  volts  as  the  first  ionization  potential  of  lan- 
thanum. This  is  in  excellent  agreement  with  the  value  5.49  volts 
derived  by  Holla  and  Piccardi 29  from  observations  of  the  ionization 
current  and  rate  of  dissociation  of  La203  in  flames. 

For  La  n  a  change  in  An*  by  ±  0.01  affects  the  ionization  potential 
by  ±0.044  volts,  while  the  average  discordance  of  one  determination 
is  ±0.13  volts. 

We  may  finally  adopt  for  lanthanum  atoms: 

First  ionization  potential  =  5.59  ±0.03  volts. 
Second  ionization  potential  =  11.38  ±0.07  volts. 
Third  ionization  potential   =19.1    ±0.1  volts. 

VI.  DISCUSSION  OF  ZEEMAN  EFFECTS 

The  observed  Zeeman  effects  for  lanthanum  lines  in  all  three 
spectra  positively  identify  most  of  the  spectral  terms  although  a 
comparison  of  the  observed  and  theoretical  g  values  discloses  many 
discrepancies  which  greatly  exceed  the  experimental  errors.  Similar 
deviations  have  been  observed  in  other  spectra,  and  have  been  as- 
signed either  to  departures  from  strict  SL  coupling,  or  to  the  sharing 
of  g  values  by  mutually  perturbing  terms.  If  the  coupling  between 
spin  moment  and  orbital  moment  of  each  electron  is  weak  individually 
as  compared  with  the  coupling  of  the  spins  and  those  of  the  orbital 
moments  of  the  electrons  mutually  we  have  the  so-called  SL  coupling : 

{(«i«a— -)  (M2— -)}  =  (££)= J 

An  atom  for  which  this  is  true  will  emit  a  spectrum  in  which  interval 
rules,  and  Zeeman  effects  are  in  accord  with  the  values  predicted  by 
the  theory  of  Lande  and  others.  But  if  the  quantum  vectors  s  and  I 
are  actually  compounded  to  produce  a  resultant  vector  J"  in  some  other 
manner  the  spectrum  will  show  violations  of  the  interval  rules  and 
deviations  from  Lande 's  g  values.  Such  deviations  are  evident  in 
the  La  spectra.  For  example,  the  metastable  quartet-F  term  in  the 
La  i  spectrum  shows  only  a  slight  departure  from  the  interval  rule: 


Separations 

Ratios 

Theoretical 

627.0      :      484.6      :      341.8      = 

9.00:7.00:5.00 
9.00:6.95:4.90 

Lai 

and  the  observed  g  values  are  almost  exactly  those  of  Lande 


Level 

Observed  g 

Lande  g 

*F2^ 

0.411 
1.032 
1.222 
1.337 

0.400 
1.029 
1.238 
1.333 

The  low  terms  in  the  La  n  spectrum  do  greater  violence  to  the  interval 
rule,  and  also  somewhat  larger  divergences  of  observed  and  theoretical 


»  L.  Rolla  and  G.  Piccardi,  Phil.  Mag.,  vol.  7,  p.  286,  1929. 
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g  values  occur.     Thus,  for  the  normal  state  represented  by  a3F  we 
have  the  following  interval  ratios : 


Separations 

Ratios 

Theoretical -      _ 

3F4-3F3:3F3-3F2 
954.6    :  1016.1 

4.00:3.00 
4.00:4.26 

La  ii -.-    ...    .. . 

and  the  following  g  values : 


Level 

Observed 
9 

Lande  g 

3F2 
3F3 
3F* 

0.730 
1.092 
1.258 

0.667 
1.083 
1.250 

Similarly  for  the  term  &3D,  the  interval  ratios  are 


Separations 

Ratios 

Theoretical 

La  n 

3D3-3r>2:3D2-3Di 
658.8:696.4 

3.00:2.00 
3.00:3.17 

and  the  splitting  factors  are: 


Level 

Observed 
9 

Lande 

3Dl 
3D2 
3D3 

0.520 
1.140 
1.337 

0.500 
1.167 
1.333 

These,  and  many  other  departures  from  theoretical  values  indicate 
a  considerable  deviation  from  (SL)  coupling,  probably  in  the  direction 
of  (jj)  coupling  defined,  in  the  case  of  two  electrons,  by 

(Wi)  (s2l2)}-(jij2)=J 
in  which  the  interactions  between  spin  and  orbital  moment  of  each 
electron  predominate. 

No  matter  what  the  nature  of  the  coupling  may  be  the  so-called 
#-sum  rule  of  Pauli30  is  expected  to  be  valid.  This  rule  can  be  stated 
as  follows :  If,  among  all  the  terms  arising  through  the  coupling  of  one 
electron,  those  terms  with  the  same  inner  quantum  number  J  be 
grouped,,  the  sum  of  the  g  values  of  the  terms  in  each  group  must  have 
a  value  independent  of  the  nature  of  the  coupling,  and  consequently 
is,  among  others,  equal  to  the  sum  of  the  Lande  g  values  for  a  similar 
group.  This  rule  is  tested  in  Table  7  where  the  observed  and  Lande 
g  sums  are  displayed  for  all  the  groups  in  La  n  for  which  the  data  are 
complete  and  for  the  low  terms  in  La  i,  although  one  term  has  not 
been  found.  The  sums  of  observed  g  values  are  slightly  larger  than 
the  theoretical  sums,  but  the  differences  can  perhaps  be  ascribed  to 
the  accumulation  of  a  small  systematic  error  of  observation.  If  the 
observered  g's  are  diminished  by  0.78  per  cent,  to  allow  for  this,  the 
agreement  becomes  almost  perfect,  with  an  average  discordance  of 
only  0.5  per  cent. 

3»  W.  Pauli,  Zeits.  f.  Phys.,  vol.  16,  p.  155,  1923. 
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